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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION IX

75 Hawthorne Street
San Francisco, CA 94105

OCT 1 2 2007

Shawn P Mulligan
National Park Service
1050 Walnut Street, Suite 220
Boulder, Colorado 80302

RE: Orphan Mine
EPA ID# AZN000608478

Dear Mr. Mulligan:

Enclosed is an Abbreviated Preliminary Report of the Orphan Mine site. This report
contains the results of an evaluation conducted by the U.S. Environmental Protection Agency
(EPA) under Section 104 of the Comprehensive Environmental Response, Compensation and
Liability Act of 1980, as amended [42 U.S.C. 9404], commonly known as Superfund. The
purpose of the Preliminary Assessment is to determine whether this site may qualify for
placement on the National Priorities List (NPL).

Based on currently available information contained in the enclosed report, EPA has
determined that no further assessment is warranted.

Please forward any written comments on the enclosed report to:

Philip Armstrong
Site Assessment Manager
U.S. Environmental Protection Agency
75 Hawthorne Street, SFD-9-1
San Francisco, CA 94105



If you have any questions, please call Philip Armstong at 415/972-3098.

Sincerely,

Deborah Schechter, Chief
States, Tribes, and Site Assessment Section
Superfund Division

Enclosure

cc: Tim Erwin, Arizona Department of Environmental Quality
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ABBREVIATED PRELIMINARY ASSESSMENT REPORT

Site Information: Orphan Mine
West Rim Drive
Grand Canyon, Arizona 86023

Site EPA ID#: AZN000908478

Prepared by: Philip Armstrong

Prepared for: EPA Region 9

Date: June 1,2007

1.0 Introduction

According to information in the Federal Agency Hazardous Waste Compliance Docket
database, this facility was listed on the Federal Agency Hazardous Waste Compliance
Docket on November 10, 1993 based on a request by the U.S. Department of the Interior,
National Park Service. The U.S. Environmental Protection Agency, Region 9 (USEPA),
under the authority of the Comprehensive Environmental Response, Compensation, and
Liability Act or 1980 (CERCLA), reviewed the following documents provided by the
U.S. Department of the Interior, National Park Service in conducting a Federal Facility
Preliminary Assessment Review for Orphan Mine:

Harding Lawson Associates, Phase I Preliminary Assessment, Orphan Mine, Grand
Canyon National Park, Arizona, July 6, 1993

Provenzano, Kris, U.S. Department of the Interior, National Park Service, Intermountain
Region, Intermountain Support Office - Denver, letter to Johnson, Jerry, U.S.
Environmental Protection Agency, Region 9, w/enclosures, July 27, 1998

2.0 Apparent Problem

According to the Phase I Preliminary Assessment completed for the National Park
Service in July 1993, the Orphan Mine is an inactive uranium mine located on the South
Rim of the Grand Canyon. Copper ore was mined from 1906 to 1959. Uranium ore was
mined from 1951 until April 1969. The site consists of a 3-acre upper mine area at the
canyon rim with scattered mine waste and a lower mine areas approximately 1000 feet in
elevation below the rim with several adits and a large vertical mine shaft. The site is
contaminated with radionuclides, including uranium, thorium, and radium isotopes, as
well as heavy metals, including copper, arsenic, and lead. Diesel fuel was once stored
onsite in at least one UST. Contents of an alleged second UST are unknown.



3.0 Site and Hazard Ranking System Considerations

The significant HRS factors associated with the site include:

Groundwater: There are no drinking water wells within 4 miles of the site.

Surface water: There is no suspected release to surface water. The site is in a national
park.

Soil exposure and air: There is a release to the soil and the air on the site. There are no
residents, schools, or regularly present workers with 1 mile of the site. The site is on a
national park, which is a terrestrial sensitive environment. However, there are not
enough targets to make these pathways significant.

4.0 References

U.S. Environmental Protection Agency, Federal Agency Hazardous Waste Compliance
Database

Harding Lawson Associates, Phase I Preliminary Assessment, Orphan Mine, Grand
Canyon National Park, Arizona, July 6, 1993



Appendix A
Transmittal List for Orphan Mine AZN000908478:

Shawn P. Mulligan
National Park Service
1050 Walnut Street, Suite 220
Boulder, Colorado 80302

Tim Erwin
Arizona Department of Environmental Quality
1110 West Washington Street
Phoenix, AZ 85007
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ABBREVIATED PRELIMINARY ASSESSMENT CHECKLIST

This checklist can be used to help the site investigator determine if an Abbreviated Preliminary Assessment (APA) is warranted. This
checklist should document the rationale for the decision on whether further steps in the site investigation process are required under
CERCLA. Use additional sheets, if necessary.

Checklist Preparer:

Site Name:

Previous Names (if any):

Site Location:

Latitude:

Philip Armstrong, Site Assessment Manager
(Name/Title)

_75 Hawthorne Street, San Francisco, CA 94105

(Address)

_armstrong.philip@epa.gov
(E-Mail Address)

Orphan Mine

6/1/07 _
(Date)

_415-972-3098

(Phone)

(Street)

_West Rim Drive_

Grand Canyon_

(City)

Longitude:

_AZ_ 86023

(ST) (Zip)

Describe the release (or potential release) and its probable nature: According to the Phase I Preliminary Assessment
completed for the National Park Service in July 1993, the Orphan Mine is an inactive uranium mine located
on the South Rim of the Grand Canyon. Types of chemicals known or suspected to be present include
radionuclides associated with scattered ore and waste rock. Diesel fuel was once stored onsite in at least one
UST. Contents of an alleged second UST are unknown.

Part 1 - Superfund Eligibility Evaluation

If all answers are "no" go on to Part 2, otherwise proceed to Part 3.

1 . Is the site currently in CERCLIS or an "alias" of another site?

2. Is the site being addressed by some other remedial program (Federal, State, or Tribal)?

3. Are the hazardous substances potentially released at the site regulated under a statutory exclusion (e.g.,
petroleum, natural gas, natural gas liquids, synthetic gas usable for fuel, normal application of fertilizer,
release located in a workplace, naturally occurring, or regulated by the NRC, UMTRCA, or OSHA)?

4. Are the hazardous substances potentially released at the site excluded by policy considerations (i.e.,
deferred to RCRA corrective action)?

5. Is there sufficient documentation to demonstrate that no potential for a release that could cause adverse
environmental or human health impacts exists (e.g., comprehensive remedial investigation equivalent
data showing no release above ARARs, completed removal action, documentation showing that no
hazardous substance releases have occurred, or an EPA approved risk assessment completed)?

YES

n

xD

D

D

n

NO

xD

n

xD

xD

xD

Please explain all "yes" answer(s).
The National Park Service is the lead agency for a removal action at the site.



Part 2 - Initial Site Evaluation

For Part 2, if information is not available to make a "yes" or "no" response, further investigation may be needed. In these cases,
determine whether an APA is appropriate. Exhibit 1 parallels the questions in Part 2. Use Exhibit 1 to make decisions in Part 3.

If the answer is "no" to any of questions 1, 2, or 3, proceed directly to Part 3.

1. Does the site have a release or a potential to release?

2. Does the site have uncontained sources containing CERCLA eligible substances?

3. Does the site have documented on-site, adjacent, or nearby targets?

YES

xD

xD

xD

NO

D

D

D

If the answers to questions 1, 2, and 3 above were all "yes" then answer the questions below before
proceeding to Part 3.

4. Does documentation indicate that a target (e.g., drinking water wells, drinking surface water intakes,
etc.) has been exposed to a hazardous substance released from the site?

5. Is there an apparent release at the site with no documentation of exposed targets, but there are targets on
site or immediately adjacent to the site?

6. Is there an apparent release and no documented on-site targets or targets immediately adjacent to the
site, but there are nearby targets (e.g., targets within 1 mile)?

7. Is there no indication of a hazardous substance release, and there are uncontained sources containing
CERCLA hazardous substances, but there is a potential to release with targets present on site or in
proximity to the site?

YES

xD

D

D

D

NO

D

xD

xD

xD

Notes:
#4: There is a release to the soil and the air. The site is on a terrestrial sensitive environment, i.e., a

CTii tctrscis 10 ITIU.KC tncsc si2niTic3niTicHjoritii PUTK.. iT.o\vcvcr, [ncrc 3rc in u.ys. v_xOnscQucniiy, *i INO

Further Remedial Action Planned decision can be made for this site without completing a full PA.



j EXHIBIT 1
SITE ASSESSMENT DECISION GUIDELINES FOR A SITE

Exhibit 1 identifies different types of site information and provides some possible recommendations for further site assessment activities
based on that information. You will use Exhibit 1 in determining the need for further action at the site, based on the answers to the
questions in Part 2. Please use your professional judgement when evaluating a site. Your judgement may be different from the general
recommendations for a site given below.

Suspected/Documented Site Conditions

1 . There are no releases or potential to release.

2. No uncontained sources with CERCLA-eligible substances are
present on site.

3. There are no on-site, adjacent, or nearby targets.

4. There is documentation indicating
that a target (e.g., drinking water
wells, drinking surface water intakes,
etc.) has been exposed to a hazardous
substance released from the site.

5. There is an apparent release at the site
with no documentation of exposed
targets, but there are targets on site or
immediately adjacent to the site.

Option 1: APAOSI

Option 2: PA/SI

Option 1: APA O SI

Option 2: PA/SI

6. There is an apparent release and no documented on-site targets
and no documented targets immediately adjacent to the site, but
there are nearby targets. Nearby targets are those targets that are
located within 1 mile of the site and have a relatively high
likelihood of exposure to a hazardous substance migration from
the site.

7. There is no indication of a hazardous substance release, and there
are uncontained sources containing CERCLA hazardous
substances, but there is a potential to release with targets present
on site or in proximity to the site.

APA

Yes

Yes

Yes

Yes

No

Yes

No

No

No

Full PA

No

No

No

No

No

No

No

Yes

Yes

PA/SI

No

No

No

No

Yes

No

Yes

No

No

SI

No

No

No

Yes

NA

Yes

NA

No

No

Part 3 - EPA Site Assessment Decision
When completing Part 3, use Part 2 and Exhibit 1 to select the appropriate decision. For example, if the answer to question 1 in Part 2 was
"no," then an APA may be performed and the "NFRAP" box below should be checked. Additionally, if the answer to question 4 in Part 2
is "yes," then you have two options (as indicated in Exhibit 1): Option 1 ~ conduct an APA and check the "Lower Priority SI" or "Higher
Priority SI" box below; or Option 2 -- proceed with a combined PA/SI assessment.

Check the box that applies based on the conclusions of the APA:
xD NFRAP
D Higher Priority SI
D Lower Priority SI
D Defer to RCRA Subtitle C
D Defer to NRC

D

D Refer to Removal Program - further site assessment needed
D Refer to Removal Program - NFRAP
D Site is being addressed as part of another CERCLIS site
Other: _

Regional EPA Reviewer: Philip Armstrong_
Print Name/Signature

_6/1/07_
Date

PLEASE EXPLAIN THE RATIONALE FOR YOUR DECISION:



As discussed in the Phase I Preliminary Assessment completed for the National Park Service in July 1993, the
HRS factors associated with this site are as follows:

* There are no drinking water wells within 4 miles of the site.

* There is no suspected release to surface waters. The site is in a national park which is considered a sensitive
environment.

* There is a release to the soil and the air on the site. The site is on a terrestrial sensitive environment, i.e., a
national park. However, there are insufficient targets on the site to make these significant pathways.

NOTES:

10
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REMEDIAL SITE^SESSMENT DECISION - EPA R^ON IX Page 1 of 1

EPA ID: AZN000908478 Site Name: ORPHAN MINE State ID:

Alias Site Names: NPS-ORPHAN MINE

ORPHAN MINE

City: GRAND CANYON County or Parish: COCONINO State: AZ

Refer to Report Dated: 06/01/2007 Report Type: FED FAC PRELIMINARY ASSESSMENT REVIEW 001

Report Developed by: EPA/In House

DECISION:

JX 1. Further Remedial Site Assessment under CERCLA (Superfund) is not required
because:

JX 1a. Site does not qualify for further remedial site assessment under CERCLA
(No Further Remedial Action Planned - NFRAP)

|~ 1b. Site may qualify for action, but is deferred to:

|~ 2. Further Assessment Needed Under CERCLA:

2a. Priority: j~" Higher [~ Lower

2b. Other: (recommended action)NFRAP (No Futher Remedial Action Planned

DISCUSSION/RATIONALE:
As discussed in the Phase I Preliminary Assessment completed for the National Park Service in July 1993, the MRS factors associated with this site are as
follows
* There are no drinking water wells within 4 miles of the site
* There is no suspected release to surface waters The site is in a national park which is considered a sensitive environment
* There is a release to the soil and the air on the site The site is on a terrestrial sensitive environment, i e , a national park However, there are insufficient
targets on the site to make these significant pathways

The U S Environmental Protection Agency (EPA) has determined that no further remedial action by the Federal Superfund program is warranted at the
referenced site, at this time The basis for the no further remedial action planned (NFRAP) determination is provided in the attached document A NFRAP
designation means that no additional remedial steps under the Federal Superfund program will be taken at the site unless new information warranting
further Superfund consideration or conditions not previously known to EPA regarding the site are disclosed In accordance with EPA's decision regarding
the tracking of NFRAP sites, the referenced site may be removed from the CERCLIS database and placed in a separate archival database as a historical
record if no further Superfund interest is warranted Archived sites may be returned to the CERCLIS site inventory if new information necessitating further
Superfund consideration is discovered

Site Decision Made by: PHILIP ARMSTRONG

Signature: Xx/7//^/ ^r~.^/i-~-~—^ Date: 06/01/2007

EPA Form #9100-3
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by
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Senior Geologist

Susan Kennedy
Senior Environmental Scientist
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EXECUTIVE SUMMARY

Harding Lawson Associates (HLA) completed a Phase I Preliminary Assessment (PA) of

the Orphan Mine in Grand Canyon National Park, Arizona, under the Denver Service Center

Task Order No. M43T0200-92-126. The PA was performed in accordance with "Guidance for

Performing Preliminary Assessments under the Comprehensive Environmental Response,

Compensation, and Liability Act (CERCLA) Guidance Document," dated 1991 (EPA, 1991b).

The purpose of the PA is to provide information that will be used to assess if the Orphan Mine

site poses a threat to human health and the environment and requires further investigation under

the EPA CERCLA site assessment process.

The site is located approximately 1.5 miles northwest of the South Rim Village and

consists of an approximately 3-acre upper mine area at the Canyon Rim with numerous

abandoned sheds and scattered mine waste and a lower mine area approximately 1000 feet in

elevation below the canyon rim with several adits and a large "glory hole". Copper ore was

mined from 1906 to 1959. Uranium ore was mined from 1951 until April 1969.

Several radionuclide surveys were performed at the site between 1981 and 1986. Results

of these previous surveys suggest that gamma radiation up to 3.0 millirems per hour (mR/hr)

emanates from mine waste at the site. Some of the previous investigators recommended that

mine waste be reclaimed by fil l ing the main shaft at the upper mine area with the waste at the

site, and then capping the shaft with concrete.

The site is on the Coconino Plateau of the Colorado Plateau Geomorphic Province. The

shaft from the upper mine area encounters Kaibab Limestone, Coconino Limestone, Hermit

Shale, and Supai Sandstone and Shale. Groundwater is expected to occur at a-depth greater than

1000 feet below the canyon rim in the Coconino Sandstone. The nearest permanent surface

water to the Orphan Mine is the Colorado River, approximately 2 miles and 4600 vertical feet

below the upper mine area. The mean annual precipitation at the site is approximately

16 inches occurring principally in the summer and winter seasons, as afternoon thunderstorms

B17047-R119 I o f 2 3



January to 84°F in July.

and southeast, from 2 to

and winter snowfall. Mean maximum temperatures rang from 41 degrees Fahrenheit (°F) in

Mean minimum temperatures range from 18°F in January to 54°F in

July. Generally, wind flows up and down the canyon from the north-northeast to the south

4 meters per second.

On September 1 and November 4 and 5, 1992, HLA personnel visited the Orphan Mine

to assess current site conditions and interview personnel who previously worked at the mine.

The site slopes gently down to the southeast and is primarily covered with grass and bushes.

Other features observed at the site include red cinders used as a road base for truck traction, a

concrete ore storage pad at the southeast corner, several concrete foundations from former site

buildings, a shed containing an air compressor, and the main shaft headframe at the canyon rim.

Mine waste was observed

over the edge of the true

scattered around the inside perimeter of the fenced site and outside

the fenced area to the west. According to a former mine employee, some ore may have spilled

cs as they circled the site after retrieving ore from the hopper beneath

the main shaft headframe.

On September 1, 992, HLA observed one underground storage tank that reportedly

contained diesel at the site. Approximately 5 inches of liquid remained in the UST. During the

November site visit, a reconnaissance radionuclide survey was performed at the upper mine

area. Background beta plus gamma radiation ranged from 0.01 to 0.04 mR/hr. Beta plus

gamma radiation above this background level averaged 5 to 10 mR/hr primarily around the

perimeter of the fenced a-ea. Additionally, an area 60 feet west of the mine, outside the

fenced area, had beta plus gamma radiation readings above the background level. The radiation

readings were taken on individual rocks at the ground surface and decreased rapidly to

background conditions a few inches away from the rock. HLA observed the lower mine area

from Maricopa Point. Features visible were a large "glory hole" and remnants of the aerial

tramway that led from the upper mine area to the lower mine area.

HLA evaluated the groundwater pathway, surface water pathway, soil exposure pathway,

and air pathway, in accordance with the PA guidance document, to assess potential human and
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ecological exposures to contaminants from the site. These pathways were evaluated within a

4-mile radius of the site and for 15 miles downstream of the site on the Colorado River. No

active wells were identified wi th in a 4-mile radius of the site; therefore, the groundwater

pathway was not scored and part of the PA.

The potential for chemical migration from site sources to intermittent perennial surface

water bodies is considered low. Runoff from the upper mine area flows away from the canyon

and is presumably lost to evaporation and ground infiltration. Runoff from the lower mine area

is toward Horn Creek, an intermittent tributary to the Colorado River. No drinking water

sources were identif ied wi th in 15 miles downstream of the lower mine area on Horn Creek or

the Colorado River. However, the Colorado River is used as a recreational fishery.

Target receptors considered for the soil exposure pathway are workers, residents, and

people attending schools and daycare centers within I mile of the site, and terrestrial sensitive

environments. The potential threat associated with the soil exposure pathway is considered low

because there are no residents, schools, or regularly present workers within 1 mile of the site.

However, the site is considered a terrestrial sensitive environment under this pathway because it

is within the Grand Canyon National Park.

Radionuclides and other metals that may be present in surface soil on or near the site

could migrate from the site via the air pathway. Elevated beta and gamma radiation release to

the air are suspected based on previous radionuclide surveys. Targets receptors considered

under the air pathway include residents, students, and worker population within 4 miles of the

site, and sensitive ecological environments within 1/2 mile of the site.

The overall site score using the PA scoresheets and data from the four exposure

pathways was 13.47. According to EPA guidance, sites (such as the Orphan Mine) that score

less than 28.50 receive a recommendation for no further remedial action under the CERCLA

site assessment process.

HLA recommends that no one should enter the mine tunnels unless the radiation levels

are lowered. If the GCNP wishes to open the upper site area for public access site reclamation

B17047-R119 3 of 23



should at least include mitigating physical site hazards. Based on the results of the PA, HLA is

unable to assess if visitors and park employees direct contact with the site waste would cause

adverse health effects. I" the site is opened, either a baseline risk assessment should be

performed to assess health effects resulting from direct exposure or the site should be reclaimed

to background conditions. For either scenario, the extent of mine waste at the upper and lower

mine areas and the magnitude of radiation should be assessed. The investigation and UST

closure would cost approximately $43,098. A baseline risk assessment would cost approximately

524,922. Since the site is

site reclamation.

HLA recommends

with the Arizona Department of Environmental Quality regulations. This would cost

approximately 510,500.

B17047-R119

not fully characterized, HLA is unable to present cost projections for

that the identified underground storage tank be closed in accordance
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1.0 INTRODUCTION

This Phase I Preliminary Assessment (PA) of the Orphan Mine in Grand Canyon

National Park (GCNP). Arizona, was prepared by Harding Lawson Associates (HLA) to satisfy

the requirements of Task Order 1443T0200-92-126 authorized by the National Park Service

(NPS) Denver Services Center (DSC) on September 30; 1992. This PA has been prepared in

accordance with (1) the Federal Agency Hazardous Waste Compliance Docket Reference Manual

(EPA, 1991a), and (2) Guidance for Performing Preliminary Assessments Under the

Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)

(EPA. 1991b).

The purpose of a PA is to provide information that will be used to distinguish sites that

pose little or no threat to human health and the environment from sites that require further

investigation under EPA's CERCLA site assessment process. The PA also identifies sites

requiring emergency response actions. The structure of the PA follows the structure of the

Hazard Ranking System (HRS) model (55 FR 51532, December 14, 1990), the mechanism used

by EPA to evaluate sites for inclusion on the National Priorities List (NPL). By definition, the

PA is a limited-scope investigation that emphasizes gathering information on people and

resources that might be threatened by chemicals migrating from the site. The PA generally

involves a site reconnaissance without collection of environmental samples (EPA, 1991 b).

This PA is the result of observations made during a site reconnaissance on September 1

and November 4 and 5, 1992, and interviews of NPS and state agency personnel conducted by

HLA.

The objectives of the PA for the Orphan Mine are to:

1. Provide physical descriptions of potential sources of hazardous substances
associated with the site.

2. Identify human and environmental target receptors associated with the four
pathways: groundwater, surface water, soil exposure, and air.

3. Evaluate the likelihood of hazardous substances migration from the site via
groundwater, surface water, and air.

B17047-R119 S of 23
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4. Evaluate the likelihood for direct contact with soil by human and environmental
targets.

5. Determine

B17047-R119

©

whether CERCLA a Site Inspection (SI) is warranted.
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2.0 SITE DESCRIPTION

This section provides general site descriptive information including the site location, site

history, previous investigations, geology, surface and subsurface hydrology, and meteorology.

2.1 Site Location And Description

The Orphan Mine is located in GCNP midway between Powell Memorial and Maricopa

Point, approximately 1 1/2 miles northwest of South Rim Village, Coconino County, Arizona

(Plate 1). The site lies within Township 31 North, Range 2 East, Section 14 (Plate 2). The site

is comprised by an upper mine area at the canyon rim and a lower mine area approximately

1000 feet in elevation below the canyon rim. Access to the site is by West Rim Drive from

South Rim Village. The upper mine area is surrounded by a 6-foot high cyclone fence on the

west, east, and south sides, and the canyon rim on the north side. Access to the site is through

a locked gate. The lower mine area is accessible only by foot along the base of the Coconino

Sandstone from the Bright Angel Trail.

The upper mine is an approximately 3-acre relatively flat area surrounded by a cyclone

fence and the Canyon rim. The majority of this area is covered with grass, bushes, and

aggregate materials. Several abandoned sheds and concrete/asphalt pads exist throughout the

site. The main adit headframe and ore hopper are located at the north edge of the site.

The lower mine is an approximately 1-acre steeply sloping area approximately 1000 feet

in elevation below the canyon rim. A few abandoned sheds and a large mining subsidence hole

(glory hole) connected to underground adits and shafts are visible at the lower mine area.

Additionally, remnants remain of a tramway to the upper mine area.

2.2 Site History

Daniel L. Hogan and Henry Ward filed the claim for copper mining in 1893 at the lower

mine area and patented it in 1906. Copper mining occurred at the lower mine area at various

times between 1906 and 1959. The claim was acquired by Madeline Jacobs in 1946

(Magleby, 1961). As a result of the discovery of uranium at the site in 1951, the mineral rights
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were leased in 1953. The rights were later acquired by a subsidiary of Western Gold and

Uranium Inc., later renamed Western Equities, Inc. (Horn, 1986).

In 1956. Western Gold built an aerial tramway from the lower adit area to the rim to

facilitate removal of uranium ore. From 1956 to 1959, ore production averaged 1,000 tons per

month of 1 percent uraninite (L^Og).

In 1959, a shaft was driven from the top of the tramway to 1600 feet below the canyon

rim to the lower adits to haul ore, men, and materials to and from the lower mine workings

(Horn, 1986). Production in 1960 averaged 6400 tons per month of 0.3 percent l^Og (Horn,

1986). Most of the ore was trucked to the Tuba City, Arizona mill for processing. Some ore

was also shipped by railroad to a uranium mill in Grants, New Mexico (Horn, 1986).

In 1961. the permitted mining limit for ore deposits in GCNP was reached. Under

public law of 1962, additional ore could be mined until 1987, at which time the site would

become NFS property (Hem, 1986).

The Cotter Corporation purchased the mine in 1967 and continued mining until April

1969, at which time all mining operations at the site ceased (Horn, 1986). In February 1981,

Republic Mining Enterprises purchased the Orphan Mine (Horn, 1986). In 1987 the GCNP

acquired the site.

Previous Investigations2.3

Results of several radionuclide surveys in the GCNP files were reviewed by HLA.

Throughout the 1980s, Arizona State University students performed radionuclide surveys of the

Orphan Mine and other areas of the GCNP. These surveys were performed as class exercises,

and the objectives, results, and conclusions were not clearly presented in the reports and did not

contain appropriate quality assurance. Therefore, the results will not be considered as

background information.

In 1981. the U.S. Department of Labor Mine Safety and Health Administration (MSHA)

prepared a report entitled,
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©

"Report of Radiation Survey, Orphan Mine, Grand Canyon National

8 of 23



Park. Arizona." dated November 5 through 7, 1981 (Day, 1981). The survey was performed in

response to requests by the NPS for information regarding radiation and the current status of

underground workings at the site. On November 5, 1981, gamma radiation up to 3.0 miHirems

per hour (mR/hr) was measured at the main shaft area of the upper mine workings. In the

middle of the upper mine workings near the guard's home site, 0.05 to 0.10 mR/hr of gamma

radiation was measured. On November 6, 1981, an underground survey was conducted. At

approximately 700 feet below the canyon rim, several measurements were taken. The

ventilation airflow volume was 7800 cubic feet per minute; temperature was 3 degrees

Fahrenheit, with the relative humidity of 82 percent. Detector tubes indicated no carbon

monoxide was present. Bistable air samples indicated 500 parts per million (ppm) carbon

dioxide, 0.0 ppm carbon monoxide, and 20.91 percent oxygen. Radon daughter samples were at

49.8 WL. At 1500 feet below the rim, at the shaft bottom, two radon daughter samples

contained 54.8 and 60.6 WL. Gamma radiation measurements indicated 4 to 5 mR/hr. Based

on the results of the survey, the MSHA recommended that no one enter the mine unless work is

done to lower the radiation levels. Additionally, they recommended that since the guard's home

site area was exposed to gamma measurements of 0.05 to 0.10 mR/hr, which would exceed the

• maximum allowable 0.17 rem dose exposure per year, that the guard home site be moved away

from the mine dump areas. The MSHA did not specify the basis for the 0.17 rem exposure

standard. The MSHA did not present a site plan indicating measurement locations, nor did they

tabulate the data.

On March 3, 1986, Landmark Reclamation (Landmark, 1986) performed a radiological

survey utilizing an Eberline PRM-7 Microrem meter. Landmark Reclamations' assessment was

performed to assess the extent and magnitude of radiological contamination in an around the

upper mine area. The assessment was included in a proposal for site reclamation. Their surveys

were performed on a 25-foot grid over the yard area taking measurements with the meter at

waist height. Additionally, they collected soil samples from six locations at various depths

throughout the mine and surrounding area to assess uranium content in the soil to correlate
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between total gamma readings and soil uranium content. The soil sample results were not

presented in the Landmark Reclamation report. Radionuclide survey results ranged from 0.08

to 0.9 mR/h. The highest readings were measured at the southeast corner of the upper mine

area near the concrete ore pad and at the upper mine shaft opening. Plate 3 presents results of

the Landmark Reclamation radionuclide survey. Based on the results of the assessment, and the

high visitor use at this area. Landmark Reclamation recommended that the residual radioactive

material be excavated from the site and disposed down the 1600-foot shaft at the rim and the

remaining material buried at an offsite location. Additionally, they recommended that the shaft

opening, once the material was placed inside, be sealed to prevent radon gas from emanating to

the surface. They fur ther recommended that the tramway structure and lower mine bunk house

area and residual mining equipment be removed. Their final recommendations included
N_

recontouring the site and planting native vegetation.

In June 1986, the U.S. Department of Interior Bureau of Land Management (BLM)

completed a reclamation

survey at the upper and

report for the Orphan Mine. The results of the BLM radiological

lower mine area using an Eberline PRM-7 Microrem meter at waist

height had eight readings ranging from 0.11 to 3.2 mR/hr. The highest reading of 3.2 mR/hr

was in an adit at the lower mine workings. The BLM report did not contain a legible site plan

indicating reading locations. The BLM recommended that the material with highest radiation

readings in and around the fenced upper "mine area be deposited into the mine shaft. After the

material is placed in the

cap, and then covered with 2 feet of top soil. At the lower mine workings, the BLM

recommended that a heavy-duty chain-link fence be constructed around the mining subsidence

hole to prevent wildlife ind hikers from falling in. The BLM recommended that all adits and

raises be sealed by exploding dynami te to prevent entry into the underground mine workings

and to prevent bui ld-up

B17047-R1I9

shaft, they recommended that the shaft be sealed with 4-foot concrete

of naturally occurring spring water in the mine adits. The BLM

concluded that reclamation of the Orphan Mine site should be implemented by the NPS to

minimize residual hazards to park visitors from the past mining operation. However, they stated
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that reclamation of the site need not be the highest priority because of the short radiological

exposure time experienced by park visitors.

2.4 Geology

The site is on the Coconino Plateau of the Colorado Plateau geomorphic province. The

upper mine working area is on recent soils of the Kaibab Formation Limestone. The shaft from

the upper mine area encounters Paleozoic age Kaibab Limestone, the Toroweap Formation,

Coconino Sandstone, Hermit Shale, and the Supai Formation (sandstone and shale) (Gornitz

et al.. 1970). The ore body is located in a breccia pipe filled with rock fragments from the

Coconino Sandstone and angular siltstone, shale, and limestone breccia from the Supai and

Hermit Formations. These rocks collapsed into a solution cavity formed in the Redwall

Limestone. The primary ore was uraninite, pyrite, chalcocite, tennantite, chalcopyrite, and

galena (Gointz et al., 1970).

2.5 Surface And Subsurface Hydrology

The nearest permanent surface water feature to the Orphan Mine is the Colorado River,

which forms the base of the Grand Canyon approximately 2 overland miles and 4600 vertical

feet below the upper mine area. The Colorado River flows westward through GCNP and Lake

' Mead National Recreation Area before turning southwestward and eventually emptying into the

Gulf of California.

Based on a review of the U.S. Geological Survey topographic map (1962) and

observations made during the site visits, surface water runoff from the upper mine area flows

southeast off of the site and away from the canyon. Runoff water from the upper mine area

would probably be lost to evaporation and ground infiltration. Seepage and runoff from the

lower mine area flows toward Horn Creek, an intermittent tributary to the Colorado River

(Plate 4).

Ground\vater in the Coconino Plateau originates in the San Francisco Peaks/Williams

areas, the Aubrey Cliffs area, and the highlands surrounding South Rim Village. Water from

precipitation in the highlands near South Rim Village percolates through a series of permeable

B17047-R119 11 of 23



and semi-permeable strata creating a number of perched water zones. Most of these zones yield

li t t le water for development. However, at elevations approximately 1000 feet below the surface

of the rim, the Coconino Sandstone, where underlain by the Hermit Shale, may provide a low

vield of water to wells. The saturated thickness of the perched aquifer depends on the relative

permeability of Hermit Shale, amount of precipitation, and any local geologic structural

influences. Grounclwater perched on the Hermit moves radially until finally percolating through

the Hermit and the Redwall Limestone into the Muav Limestone (Johnson, no date).

2.6 Meteorology

The following climatological data for the South Rim of GCNP was summarized from the

Final Environmental Impact Statement, GCNP (NFS, no date). Mean annual precipitation is

approximately 16 inches. Almost equal amounts of precipitation are received in the winter and

summer seasons; spring and fall are relatively dry. Precipitation events in the summer occur

when afternoon thunderstorms form as a result of solar heating of the canyon walls. In the

winter season, middle latitude storms carrying Pacific moisture propagate eastward depositing

snow on the South Rim.

however, occasionally severe winter storms will pass through the area.

The mean maximum temperature ranges from 41 degrees Fahrenheit (°F) in January to

84°F in July. The mean

I8°F in January to 54°F

Generally, the winter storms are light to moderate in intensity;

annual temperature is 49°F. Mean minimum temperatures range from

in July . Generally, temperatures increase with decreasing elevation in

the canyon.

As a rule, the wind flows up and down the canyon from north-northeast to the south

and south-southwest direction which reverses diurnally. Wind speeds are typically low and

range from 2 to 4 meters per second. Night-time inversions are common in the canyon.
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3.0 WASTE CHARACTERISTICS

The ini t ia l step in evaluat ing waste characteristics for the PA is to identify sources at the

site. EPA guidance ( 1 9 9 l b ) defines a source as an area where a hazardous substance may have

been deposited, stored, disposed, or placed. Soil that may have become contaminated as a result

of hazardous substance migration is also considered a source. This section discusses the

information gathered dur ing the site visits, and the rationale for source identification and

evaluation. Also discussed in this section are applicable UST, mine remediation, and radiation

exposure regulations. Plate 3 illustrates the site plan. Appendix A presents the PA information

form. Appendix B presents the PA Scoresheets, and Appendix C presents site photographs.

3.1 Site Visi t

On September 1 and November 4 and 5, 1992, HLA personnel visited the Orphan Mine

to assess current site conditions. Prior to arriving at the site, HLA personnel interviewed a

former mine employee who provided information on past operations. The former mine

employee stated that waste rock and lesser amounts of ore would accumulate around the

perimeter of the site as the mine trucks exited the site hauling the ore to the offsite mills

(GCNP, 1992).

The site slopes gently down to the southeast. The majority of the site was covered with

grasses and shrubs. Red cinder was used as a road base for truck traction and also covered

much of the site. The concrete ore pad was observed at the southeast corner of the upper mine

area. Several concrete foundations from former site buildings were observed in the center of

the site. A shed containing an old compressor was observed at the northeast corner of the site

adjacent to the canyon rim. A concrete pad and asphalt pad at the west edge of the site was

also observed. The former mine employee stated that these pads were used as foundations for a

mechanic shop and a parking area.

One underground storage tank (UST) was observed in the middle of the site. The UST

was approximately 5-foot-wide by 13-foot-long and contained approximately 5 inches of liquid.

The former mine employee stated that the UST was used to store diesel fuel. He stated that a
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second UST was used adjacent to a concrete pad just north of the center of the site (GCNP,

1992). HLA was unable to assess if the UST still exists.

During the site vis i t , a reconnaissance radionuclide survey was performed at the upper

mine area to assess d is t r ibut ion of radioactive ore and waste rock. Radiation was randomly

measured throughout the fenced area and west of the fenced area. Background beta plus

gamma radiation outside the fenced area at the southwest corner ranged from 0.01 to

0.04 mR/hr. Beta plus gamma radiation above this background level averaging 5 to 10 mR/hr

was observed primari ly around the perimeter of the fenced area. Small accumulations of rock

overburden and possible ore were observed around the inside perimeter of the fenced area,

where the former employee had indicated that trucks had driven. Approximately 60 feet west

of the mine outside the fenced area, radiation was detected above the background level at a

200-square-foot area that appeared to be where ore trucks had parked. The radiation readings

were also taken above individual rocks at the ground surface. The readings rapidly decreased to

background conditions wi th in a few inches from the rocks.

From Maricopa Point east of the upper mine area, HLA observed the lower mine area.

A large "glory hole" was observed near the base of the aerial tramway that was formerly used

dur ing the mining operation. Seepage water reportedly emanates from a small diameter pipe at

the lower mine area (Horn, 1986).

3.2 Source Evaluation

Potential sources of contamination at the Orphan Mine were evaluated according to PA

scoring guidance (EPA, 1991b), presented in Appendix B. Site sources were delineated as

follows: (1) contaminated soil; (2) the underground storage tank (UST) observed during the site

visit; and (3) the UST allegedly present that was not observed at the time of the site visit.

Areas of soil poter tially contaminated by radionuclides and metals were conservatively

estimated to include (1) the entire three-acre fenced portion of the upper mine area; (2) one

additional acre where contaminated soil may be present outside of the fence at the upper mine
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area; and (3) two acres at the lower mine area where ore and waste rock may have been

deposited on the slope. The source of radionuclides at the site is uraninite in the mined ore and

waste rock. The ore contained 0.3 percent to 1.0 percent uraninite (Horn, 1986). The waste

rock would probably contain lower concentrations of uraninite than the ore. Uraninite (U308)

is water soluble in an oxidizing environment.

The UST that was observed during the site visit and the second UST that is allegedly

present were also identified as sources. The observed UST was reportedly used to store diesel

fuel; contents of the second UST are not known. Tank capacity for each UST was estimated as

5000 gallons.

3.3 Regulatory Framework

The regulatory framework for the site USTs, mine site remediation, and worker and

public exposure to radiation are as follows.

Underground Storage Tanks

The State of Arizona through the Arizona Department of Environmental Quality (ADEQ)

has regulatory authori ty for the registration and closure of USTs in accordance with Federal

Regulation 40 CFR 280 and Arizona Revised Statute 49, Chapter 6. The regulatory proceedings

developed by ADEQ require that USTs be registered prior to removal. The ADEQ requires

visual inspection and soil sampling and analysis to determine if the USTs have leaked. Affected

soils above the suggested soil cleanup levels will need to be removed and properly disposed or

remediated.

Mine Site Remediation

There are no established standards for remediation of uranium mine sites. The U.S.

Environmental Protection Agency (EPA) established "Standards for Cleanup of Land and

Buildings Contaminated wi th Residual Radioactive Materials from Inactive Uranium Processing

Sites" (40 CFR 192 Subpart B). These standards may be appropriate for the Orphan Mine site.

The standards for remedial actions at inactive uranium processing sites state:
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The concentration of radium-226 in land averaged over any area of 100 square meters

shall not exceed the background level by more than:

• Five pCi/g [picocuries per gram] averaged over the first 15 cm [centimeters] of
soil below the surface, and

15 pCi/g averaged over a 15 cm thick layer of soil more than 15 cm below the
surface.

Although these standards are not directly applicable to the Orphan Mine site, they may

serve as target remediation goals for any subsequent soil excavation at the site.

Radiation Exposure

No limits have been established for human exposure to radiation from inactive uranium

mine sites. To establish exposure criteria for the Orphan Mine site, standards developed for

other locations were considered. For on-site worker exposure (personnel involved in

investigation or remediation;, the most appropriate standards are established by the Occupational

Health and Safety Administrat ion (OSHA) for personnel exposure in restricted radiation areas.

This standard l imits totaj personnel exposure to 1.25 rems per calendar quarter (29 CFR

1910.96).

For NFS personnel and Park visitors, the most appropriate radiation exposure standards

are those developed by the Nuclear Regulatory Commission (NRC) for licensed facilities. The

"Radiation Dose Limits for Individual Members of the Public" developed by NRC state the

following (10 CFR 20 Stbpart D):

Each licensee shall conduct operations so that-

• The total effective dose equivalent to individual members of the public from the
licensed operation does not exceed 0.1 rem in one year.

• The dose in any unrestricted area from external sources does not exceed 0.002
rem in an,v one hour.
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4.0 P R E L I M I N A R Y PATHWAY ANALYSIS

The emphasis of the PA is to evaluate human and environmental targets that may be

threatened as a result of chemicals migrating from a site via groundwater, surface water, and

air. Emphasis is also placed on evaluating targets that may come into direct contact with site-

related chemicals in soil. The preliminary pathway analysis for this report was guided by the

PA scoring process (EPA. 199lb). A PA score generated for the Orphan Mine is presented on

the PA Scoresheets in Appendix B.

This section provides a discussion of the potential for chemical migration from the

Orphan Mine site and the target receptors associated with each pathway. Although the

discussion that follows in this section is largely qualitative, scoring criteria are included where

applicable.

4.1 Groundwater Pa thway

The potential for drinking water contamination from site-related chemicals migrating in

groundwater is considered minimal to none. As discussed in Section 2.5, groundwater is present

locally only in perched aquifers approximately 1000 feet below the rim surface.

Target populations considered under the groundwater pathway are humans supplied with

d r i n k i n g water from wells w i t h i n 4 miles of the site. Drinking-water supplies for all park

facilities wi th in a four-mile radius of the site are transferred by pipeline from the Roaring

Springs on the North Rim. A search conducted by the Arizona Department of Water Resources

(1993) indicated no active wells are present within a 4-mile radius of the site, therefore, the

groundwater pathway was not scored.

4.2 Surface Water Pathway

The potential for chemical migration from site sources to intermittent or perennial

surface water bodies is considered low. Runoff from the upper mine area is away from the

canyon, and is presumably lost to evaporation and ground infiltration. Runoff from the lower

mine area, where spring water has been reported by the BLM to discharge from adits, is toward

Horn Creek, an in te rmi t ten t t r ibutary to the Colorado River. The headwaters of Horn Creek
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are approximately 1/2 mile downslope from the lower mine area (USGS, 1962). According to

EPA Guidance (EPA, 1991b), the location of the headwaters of Horn Creek is considered the

probable point of entry (PPE) of chemicals into surface water (Plate 4). However,

concentrations of any chemicals potentially discharged from the lower mine area to the

headwaters of Horn Creek would probably be negligible because 1) the percentage of uraninite

in the Orphan Mine ore body is low (0.3 to 1.0 percent), 2) the spring water from the lower

mine area would probablv be diluted by collective runoff leading to the headwaters of Horn

Creek, and 3) the distance between the spring water discharge from the lower mine area and the

headwaters of Horn Creek is relatively far (0.5 miles). The flow rate of Horn Creek for most

of its length is estimated as less than 10 cubic feet per second (cfs) because it is intermittent.

However, the flow rate of Horn Creek may increase significantly where it empties into the

Colorado River. The flo v rate of the Colorado River is quite variable throughout GCNP,

ranging between 7000 to

The target distance l imit for the surface water pathway is measured as 15 stream miles

from the PPE (Plate 4). Targets include humans that might ingest drinking water or fish from

water intakes, however it

20,000 cfs (Arizona Department of Fish and Game, 1993).

downstream surface water bodies, and sensitive environments that occur along the 15 mile target

distance l imi t . The segment of the Colorado River that flows through GCNP has no drinking

is a recreational fishery inhabited by rainbow trout, brown trout,

sunchannel catfish, and striped bass (Arizona Department of Fish and Game, 1993). As

reflected by the PA score, site-related chemicals that might reach the Colorado River would be

rapidly diluted minimizing the potential for uptake by human food chain organisms.

Sensitive environnents considered for the surface water pathway are indicated in PA

Table 5 (Appendix B). A national park is considered a sensitive environment receiving the

highest available assignee

endangered humpback chub and razorback sucker inhabit the segment of the Colorado River

that flows through GCNP.
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Negligible threat to downstream receptors is indicated by the overall surface water

pathway score. The score is low because the chemical migration path from, the site to Horn

Creek is relatively far (1/2 mile), and because the dilution effects of the Colorado River are

considered significant.

4.3 Soil Exposure Pathway

Targets considered under the soil exposure pathway are workers, residents, and people

attending schools and daycare centers within 1 mile of the site, and terrestrial sensitive environ-

ments located on any area of suspected contamination.

GCNP is considered a terrestrial sensitive environment under the soil-exposure pathway,

cont r ibu t ing to the target score. However, the overall potential threat associated with the soil

exposure pathway as a result of chemicals from the Orphan Mine is considered low because

there are no residents, schools, or regularly-present workers wi thin one mile of the site.

4.4 Air Pathway

Radionuclides and other metals that may be present in surface soil on and near the site

could migrate from the site via air. The radionuciide reconnaissance survey conducted during

the site visit indicated beta plus gamma radiation above background levels is present at ground

surface over portions of the upper mine area. A suspected release to air was conservatively

assigned in the PA score.

Target receptors considered for the air pathway include resident, student, and worker

populations wi th in 4 miles of the site, and sensitive environments within 1/2 mile of the site.

There are no resident, students, or workers that are regularly present within one mile of the

site. Between I and 2 miles there are approximately 2000 residents and 300 students at South

Rim Village. A daycare center with the capacity for 100 children is currently under

construction at South Rim Village as well. Between 2 and 3 miles from the site an additional

resident population of 200 was estimated (Plate 4). No other residents, students or workers were

identif ied (NPS. 1993).
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The fact that the site is within a national park accounted for the only significant

rget score. The overall score for the air pathway, however, is relativelycontribution to the air ta

low because regularly present human populations are beyond the distance that large quantities of

chemicals would be expected to migrate in air.
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5.0 CONCLUSIONS

The Orphan Mine is an inactive uranium mine located on the South Rim of the Grand

Canyon. Types of chemicals known or suspected to be present include radionuclides and metals

associated with scattered ore and waste rock. DieseJ fuel was once stored onsite in at least one

UST. Contents of an alleged second LIST are not known.

Little threat to human or environmental target receptors is indicated as a result of

evaluating the groundwater, surface water, soil exposure, and air pathways using PA scoring

procedures. The most heavily weighted scoring factor was assigned on the basis of the presence

of the site w i t h i n a national park.

The overall site score using the standard PA score sheets was calculated as 13.47

(Appendix B). According to EPA guidance (EPA, 1991b), sites that score 28.50 or greater

receive a further action recommendation, while sites that score less than 28.50 achieve the status

"Site Evaluation Accomplished'1. The site score for the Orphan Mine indicates the site would

not proceed further in the CERCLA site assessment process.

HLA concurs wi th the MSHA recommendations that no one should enter the mine

tunnels unless the radiation levels are lowered. If the GCNP wishes to open the upper site area

for public access. HLA concurs with the BLM recommendation for site reclamation. If the site

is opened, reclamation should at least include mitigating physical site hazards. Based on the

results of the PA, HLA is unable to assess if visitors and park employees direct contact with the

site waste would cause adverse health effects. If the site is opened, either a baseline risk

assessment should be performed to assess health effects resulting from direct exposure or the

site should be reclaimed to background conditions. For either scenario,, the extent of mine

waste at the upper and lower mine areas and the magnitude of radiation should be assessed.

HLA presents a site investigation work plan and cost estimate details for completing the

investigation in Appendix D. The investigation and UST closure would cost approximately

$43,098. A baseline risk assessment would cost approximately $24,922, as detailed in Table
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D-2 in Appendix D. Since the site is not fu l ly characterized, HLA is unable to present cost

projections for site reclamation.

HLA recommends that the UST identified at the site be closed in accordance with

ADEQ regulations discussed in Section 3.3. Approximate closure costs would be $10,500 as

detailed in Table D-1 in

B17047-R119
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APPENDIX A

POTENTIAL HAZARDOUS WASTE SITE PRELIMINARY ASSESSMENT FORM

®



OMBTSpproval Numcer: 2050-nnoc;
Approved for Use Tfrrouan: j /9 3

Potential Hazardous
Waste Site
Preliminary Assessment Form

Idenafieaaon

7. General Site Information

cur. /) TUZ-

Q HA «GW

2. Owner/Ooeraror Information

Or

Cc

Q
cm
a
Q XOtA/CEXCL

. Sflfc Evaiuator Information

NMMrfEPAorJ

4. Sfa Disposition (for SPA use only)

Z Ya
a NO
One

C Hifbcr Pnarar $1
C LOMT Pnanqr Si
2 NFRAP

~ Other_
Owe:

N—w irypedl:

POMMO:

D-3



i
^y pP/X Potential Hazardous Waste Site

*~* ** Prdiminarr Assessment Form - Paze 2 of 4

I) 5. General Site Characteristics

Ltas WiftiB 1 Mil* tt SiH
= 001

CDOD
: r«»«r«*te c DOE

a
a
ana
CM
Ob*

<«•«.. I

GOOD
CDOE
coot

(M.'

CUH
CP*
a UN

X X;
QCari
coa«*
a

ON-
a

Characteristics Information

T-r

>T-ta^

CT«b«irai
CTn*ni<«

CLMrtTlMB

"--

w«

ĈN«

I Ml

w - w« . A • An

CERCL3

•f Yo

Yv

ON*

O-C

CSM|« O

CG-

D-4



Potential Hazardous Waste Site
Prdnninarr Assessment Form - Page 3 of 4

7. Ground Water Pathway

li CfOM War U«*
W«BT Witt. A

CYe.

/Coo Pea

CYc

Woo:
CYei

w«
Mill

> J . J

Tacd Witt. 4 MOa

8. Surfaca Wator Pathway

CUto

l W«

b1taM«J
OY0

Stoi

Yea

QY«

QYa 'l/ < r*

0-5



v> Potential ^•"•tJOTf Waste Site
PreUminarr Assessment Form • Pace 4 of 4

. Surface Water Pathway (continued)

WoftM W«

Him

9. Sol/Exposure Pathway

Anl
AMI

ITYa.£>wTmi*

tJA ,

'a i -100
a tot • 1.000
a

HawTa

OY«

VYa.Li«tekTc[

7 £7. Air Pathway

b Tten • MAK

a NO

\Hoo

>J-4

lion

14 Mite *»• UK

QYa

>Wi*iB4MBB^*BJ

LatAAl

0-6
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PRELIMINARY ASSESSMENT SCORESHEETS
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APPENDIX A

OMB Approval Number: 205Q~nnoe;
Approved for Use Througn: 1/92

PA Scoresheets

Site Name: Or 0k A*. r/\,'n-e^ Investigator:

CEHCLIS ID No.:

Street Address:

Agency/Organization: ttf

ttv/Srate/Zio: £,

e. Street Address: /Z IIS

City/State/Zio: 0

UJ
Date: V//79J

0.0

A-1



GENERAL INFORMATION

Site Oescnoxion ana Ooerationai History:

_p ACf*- mfO.m<jjff^ *y\^tr\£— /AC*t<.c<*O/M cvV^~ sntf>H etf&cc^ ec^^Jf
I

Prooable Substances of Concern:
(Previous investigations, analytical data)

A-3



GENERAL INFORMATION (continued)

Site Sketcn:
'.Show all oerttnem features, inoicate sources and closest targets, indicate nortni

A-5



SOURCE EVALUATION

source
No..

, Source NWTM:
(I*

.source uescnonon:

Pf\\»-

Source Wast* Qu»nuw (WQ) Caictumuons:

-f .̂ 18 - "7. ^ f

Source Source

Source uascnonon:

-C4 x u«

v/tff'

Source) Wwte Quanntv (WQ) Calculation*::

£,000 frJt -f SOO - JO

Source -.
NO.: -J

Source N«m«:

Source Dascnouon:

A, <J

Source We«e Quontnv <WQ1 Calculaoens:

+ JO+ 10 -27.
Site WC:

A-7



PA TABLE 1: WASTE CHARACTERISTICS (WO SCORES

PA Tabto la: WC Scoraa lor SlngM Sourca Sim and Fonnuiaa
lor MuttUM Sourca SUao

. T

E
ft

5

i

|

i

, V
! o
' L

1 U

: M
E

1
1
I1

;
1

i A
;
A

i
SOURCE TYPE i

1

1

1
i

N/A

N/A

i
Lanottii I

ii
Surtace \
imoounomerit

i
drums

Tarucs ana non-
arum comanws

Contammat«io son

PHo* "w

Other

Lanotiil

Surface
imoounomann

Contaminated tori

o-i_ •rat*

Lano Traarnrmnt

j SINGLE SOURCE SITES (asaioned WC tearaat

WC - IS

s ico ft

£SOO.OOOto

Mt.75 n.ih.1! rr*
3250.000 w>

28.750 «f
iiSOwr1

£1.OOOanimo

fSQjDOO gottom

«.7S iirihon fr1

S2SO.OOO va'

sa.750rr>
S2SOVW1

*e.7so te
SlSOvfT1

S340.000 rr>
S7J«™,

sijootf
XfljOZIoefOT

S3U II 'i ff*
S7loono

siaoofr1

SOXUoavo

S27.000 ft*
S0.«a»et«o

1
1 WC - 33
\

> 100 » 10.000 a>

>SOO.OOOU SOmMMno

> 4.7S rma.n to 475 mtbm ir1

> 25O.OOO u 25 mil m »»•

>4.7SO to 47S.OOO fr1

> 250 u 2S.OOO v«J

> I.OOO to IOO.OOO arum*

> 50.000 to S m \k*n onto*.

>4.7! mmmn n 675 rrjUion tr1

> 250.000 10 25 HMfcoB vv>

> 4.750 to 47S.OOO tr>
> 25O to 25.000 vtr1

>«.7SO to 47S.OOOrr>

> 280 la 2S.OOO vc1

> 3*0.000 to 1* mi ilnn (T>
> 7.1 10 710 oarao

>1.30On liOJOO tr1

>OJ32J to 2J oom

>7t to 7.«00oe™o

>«.30Olo 1JO.OOO tr1

>OJ)2S n U oom

> 27.OOO n 2.7 nHi i tr1

>0.«2 to <2 *cm

1

WC - »00

>1O^OOk

>COfn*»on*j

>47S irillmifH
>23 W

>c7S.oaorf>
>2S^OO«V>

> 1OO.OOO aiunw

r I .T.I .- jj-i-

>«73 iralKon ft*
>2SfnNwn«v>

X7S.OOO N*
>2SJOO«r>

> 473.000 fr»
> 25.000 wr>

>1* mill on tr*
>700oa»OT

>13O.OOOtf
>2JMM

»AOmlliinftJ

>7.no«o««

> 130̂ 00 rr>
>2J«*mo

>Î JnoM««T'
>«a*ono

MULTIPLE SOURCE 1
srres 1

Farmuu tar i
*««»nmg Source j

WQ Vak*M :

1ii
i

a *• i

10 » 5.OOO

*• * «7.500
Xir* • 2.500

tr* * ff7.5 j
•*•— 2.5

1
arums — ;o

S**ons *• 500

(T1 * 6-7.500
rtf1 * 2,500

** - ff7.5
^ » i5

/T1 * ff7.5
y^ - 2.5

IT1 * J.4OO
tern •«• 0.075

ir1 - rj
«rw «• 0.00025

/r1 » 3<.ooo
«cra * 0.75

(t1 * 13
tens - 0.60025

fY* * 270
tens - 0.0052

• ion • i.OOO Ib - 1 y«> • A mm - ZOO pottint • Uoa «• •< lorn ourton unaot OM. iwt ourtooo oraa ot wo.

PA Tab4a Ib: WC Scarw tor MuttloM Sourca SUM

VWQ r«<o< 1 *»C Xonno !

>O M 1OO 10

> 1OO to 1O.OOO 32

> 10.0OO 1CM

A-9



GROUND WATER PATHWAY
GROUND WATER USE DESCRIPTION

Descnoe Ground Water Use Whtim 4-miies of the Site:
(Descnoe stratigraonv. information on aquifers, municioal and/or private weds)

Calculations for Drinking Water Popuiations Served by Ground Water:

A-11



GROUND WATER PATHWAY CRITERIA LIST

SUSPECTED RELEASE PRIMARY TARGETS

* H
t a

s

Z Z Are sources ooony comameo?

7 Z is tne source a rvoe likerv to eontnoute to
grouna water contamination le.g.. wet
lagooni?

Z * Z_ is waste Quantity oarnculanv large?

Z 3T Z !s aractaitation heavy?

Z 5; Z is tne infiltration rate high?

Z X IX fa »"« located in an area of karsr terrain?

Z lit Z ii tne suoeurtaca nighty oermeaoie or
conductive?

Z X Z ii anructng water drawn from e mallow

~ t-it susocctea contaminants nigniv mooua in
grouna water?

Z 3o«« anaivtieal or circumstantial avidanee
suggest 0rouno water comamtnaaon?

Other cntene?

z*
SUSPECTB3 RELEASE?

Y N
• a
s

U
n
k
Z Is any annlung water well nearov?

Z Has any nearov onnnng watar well Been
closed?

~ Has any neamy dnnking water user reoorted
foul-tasting or tout-smelling water?

Z Does any nearov well nave a targe drawdown
or r«gn production rate?

Z Is any dnnking water well located Between the
site ana outer wens that are susoeetsd to oe
exaosed to a hazardous suonance?

Z Does anaryneol or circumstantial evidencs
suggest cantammaaon at a anruung water
w*ri?

Z Does anv dnnicing water well warrant
sampling?

=*.
Other emena?_

PWMARY TARCCTJS) IOENT1FIED7

Summania the raaenaie for Susoected Release lanacrt an
aooitionai cage ii necessaryt:

/Iff
J

Summanzo tne rational* for Primary Targets (attach an
additional oage if necessaryt:

/\jo

A-13



no-f- -f-h?r€, Osc. no

GROUND WATS? PATHWAY SCORESHEET

:o you susoect a reieasa isee uiouno water ratnwav Catena
•i me sire locates in ursr terrain J
2totn to a outer
Distance to tne nearest onnwno water wen:

ust. oage

•JKEUHOOD OF RELEASE

SUSPECTED RELEASE: H vou susoect a mease to grouno water tsee oage 7).
assign a score at S50. Use any column A tor ins oattwav.

NO SUSPECTED RELEASE: If you oo not susoact a reiaasa to ground water, ana
me site * m um terram or tne aeotn m aautcr is 70 teet or icss. u«on a score
at SCO: 3Tnerwiac. asoon a score of 3*0. Us* omv coiunn B tor tna oatnwav.

rARGETS

: eqiMAHY TARGET POPUm.nON: Otttffmm tne nunotr of OMOM MTMO ov

oeooie » 10 •

- ici:::3AHY TARGET POPULATION: Determine tne numoer of oeooie sefv*a oy
srincmg water weiis mat vou oo NOT juioeci nave oeen exooseo to a rtazaroous

£. NEAREST WELL, if vou nave Kjemrtiea a onmary target ooouatien tor grouno
water, assign a score of SO: otnenmu. assign tne Neatest We* score from
PA Taoic 2. if no onnung water we*1* enst witnm A mites, assign a scon of zero.

£. WELLHEAD PROTECTION AREA rwHPAl: n any source nes w.tnm or aoovc a WM«»A.
or if YOU nave laentrliea any onmary target we« witnm a WMPA. assign a scon 01 2C:
assign s ii neitner conaition notas out a WMPA is oresent wienm * rmies: otnerwise
assign zero.

* RESOURCES

T -

rit l ••

»••

^BK Î
nnJMcyi
W&^B&Sffjjgfjgggg^

\

t«kW««

*•• ;

WASTE CHARACTERISTICS

a. A. it you naw iaemrriea any onmary target tor grouno water, assign me
cnaractensncs scon caicuutefl on oage A. or a score ot 32. w««en«v«r
GREATER: do not evaluate can 8 at tm tactor.

if vou rvav* NOT 'tdenulxu any pnmarv target tor groune water,
waste enaracterisuci scon caicuuteo on oage A.

assign tm

WC -

GROUNO WATER PATHWAY SCORE: Lfl T T T WC
82.500

A-1S



PA TABLE 2: VALUES FOR SECONDARY GROUND WA1ER TARGET POPULATIONS

PA lolile 2a: Noil Kaisl Ai|iiiluis

o-O

liom SH»

0 lu K mil*

> X. lo 'A Mill*

> H lo 1 mil*

> 1 li> 2 mtUi

> 2 lo 3 nulat

» 3 10 4 inil*«

Population

-

Neaiesl Well -

Ntaittt
Wall

iCliOOtt

Mghutl

20

IB

a

S

3

2

Population S»rv0i/7jK Wellt IWlW/i Dlstanct Cat toot
I

it
10

1

1

1

1

1

ii

10

2

1

1

t

1

1

31

100

6

2

1

t

1

101

It

300

16

10

S

1

2

1

J0I

i*
1 Dill)

52

32

17

9

7

4

1.001

It

3000

163

101

52

29

21

13

3.001

It

10.000

621

323

187

94

6B

42

10.001

1*

J0.00O

1.633

1.012

622

294

212

111

- - . . - .

30.001

It

too voo

5.214

1.233

I.B6B

939

67B

417

Qntttl

Itltif

loo ouo

18.325

10.121

5.224

2.93B

2.122

1.306

Scoia -

Population
Vflua

PA Tablo 2b: Karsl AquUeis

Olittnci

liom Silo

Q lo K mil*

> f. lo M niiU

> H IB 1 mil*

> 1 to 2 null*

^ 2 lo 3 iiula*

> 3 In 4 mil**

PopuUtloit

NBBIBSI Well -

Nttittt
Well

fun 30
for Hirttl

20

20

20

20

20

20

Popiiltllon Strvtd bv We lit Within Distinct C*logor\
t
it
10

1

1

1

1

1

1

II

It

JO

2

1

1

I

1

ji
it
too

6

3

3

3

3

3

101

It

300

IB

10

•

•
•

B

JOt

it
1.000

62

32

26

26

26

26

f,00»

It

3.000

183

101

B2

82

82

82

3.001

It

10.000

621

321

2BI

261

261

261

10.001

It

30.000

I.B33

1.012

• IB

aie

BI6

Bie

jo. 001
I*

100.000

6.214

1.231

2.B07

2.607

2.607

2.607

Orttltt

Ititn

100.000

IB, 325

10.121

B, 162

0.162

8.162

B.I62

Scoia -

Population
Valuo

- - - - -



SURFACE WATER PATHWAY
MIGRATION ROUTE SKETCH

Suface Water Migration Route Sketcn:
imcluae runoff route, orooaole ooim of entry, 15-mile target Distance limit, intakes, fisheries,
ana sensitive environments)

A--J9



SURFACE WATER PATHWAY CRITERIA LIST

SUSPECTED R£L£AS£ PRIMARY TARGETS

Y N

• O

=* =

U
n

_ is surface weter neerov?

Z is waste quantity oanicuianv large?

Z is tne orjunage aree large?

Z is raintaii heavy?

Z Is the infiltration rate low?

_ Are sources ooony contained or orona to
runoff or flooding?

----— Is a runoff route well defined (e.g.. ditcn or
channel leaoing to surface weteri?

_ is vegetation stresseo along tne orooaoie run-
off route?

- V -_ Are seaiments or water unnaturally aiscoioreo?

Z Is wiialifn unnaturally aosent?

Z Hes oeoosition of waste into surface water
bean oos«rved?

*= =_ is grouna water aiscnargo to surface water
likely?

Z Does analytical or circumstantial evioance
suggest surface water contamination?

Other cntena?

SUSPECTED RELEASE?

Y N
e o

s
Z Is any target neerov? If yes:

Z Drinking water intake
Z fisharv
^ Senaiuve environment

~ Has any intakn. (isnery. or recreenonai erea
bo«n i

Z DOM analytical or arcumstanaai evidence
suggest surface water contamination at or
downstream of a target?

Z ? Z Does any target warrant sampling? If yes:

Z Drinking water intake
Z fishery
Z Sensitive environment

Otnar cntena?

PRIMARY tNTAKEISI IOENT7REO7

PWMABY nSHERYHESl tOEMTtFTED?

PRIMARY SENSITIVE ENVIRONMENTtSI
IDENTIFIED?

Summanze the rationale (or Susoectea Release tanacn an
additional oage if necstssaryi:

Summarize trie rationale tor Primary Targets laruefl an
aodtoonai page if necmsaryi:

A-21



/"- IS

SURFACE WATER PATHWAY
-IKEUHOOD OF RELEASE ANO DRINKING WATER THREAT SCORESHEET

~: vou susaect a reieas* isee Surface water Pitnww Criteria ust. HOC ill?
Zistance to surface water
=••300 ireaucncv .
•vnat is tne downstream distance to tne nearest onnung water imase? '7/4 m»es
Nearest tisnetv) ~] mnes Nearest sensitive environment? /a. -nnei

Yes

LiKELlHOOQ OF RELEASE

SUSPECTED RELEASE: II you lusaen a rewaM to surtact w*ur ISM aaoc 1 1 1.
i score ot 550. Us« ontv column A tor mrs oatnwiv.

NO SUSPECTED RELEASE: H vou oo not lusovcr a reMM* to sixties
water jse me taw* oe<ow to assign a score oasco on distance to sirtacc
water ana tiooo treoutncv. UM onry column a tor tnu aainwav.

Distance to surface water s 1.500 teet > sac \
Durance to surface water > 2.500 le«t. ano I |

Site m annual or 1 0-»e»r tiooooujm • £00 |
Sue m i 00-vear tioooetain
Site m 500-vear nooooiatn
Site outsioe SOO-vear tioooeiam

400 1

300 1
TOO 1

LR -

DRINKING WATER THREAT TARGETS

:. Recoro tne water ooar tve«. tlow trf aoeoeaeiei. and numoef ot oeoete scrveo
:v eacn orirmnq water mtaui witnm tne target oistance urmt. It mere is no
arincmg water mtau witnwi tne target Distance unit, facna *. 5. ana 6
eacn receive zero scores.

ct*

S»»MA«Y TARGET POPULATION: it vou susoect anv dnnung water vnac* HSteo
joovt ms oeen exoosea to a nazaraous suastance from tne site isee Surface water
3*T*iwav Cntena ust. oage ' 11. list tne imase nametsi ana caicuate tne factor
scsre aased on me ratal ooouanon served.

10

£ SECONOAMY TARGET POPUUATION: Deieiiiane 'me numoer of i if*rv*a ov
Oftminq water imaKa* mat you oo NOT susoect nave oeen exoosea to a naxaroau*
suastanee from tne im. and assign tne total oooutaoon score from PA Taote 3.

Are anv mta>BS oart el a
'- ves. attacn a oage to s

OMnoeo system? Yes _ No _

£ NEAREST INTAKE: ll vou nave icerrrrtieo « onmarv target Doouunon tor tne
| grmung water tnreat (factor 4|. assign a score ot 50: otnerwiie. assign tne

Nearest imace score rrorn PA Taow 3. It no enroung water mtaca exists witrwi
:ne target distance nmit. assign a score oi zero.

i
1 r RESOURCES

T -
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PA TABLE 3: VAIUES FOR SECONDARY SURFACE WATER TARGET POPULATIONS

Stutter, Wftti

Body flaw

/if* PA T.blo 4)

< 10 cli

10 lo IOO cU

> 100 lo I.OOOeU

;> I.OOO lo 10.000 cl*

> 10.000 cU 01

Gi*«l l»k«i

1 mil* Mi • ing Ion*

Poptilitlon

Nearest Intake -

Ntmifil

Inlmko

Ichaoit

highlit)

10

2

1

0

0

10

Population Sitvtii t>v Intfktt Wthln Flow Cidouiv
t

i»
to

2

1

O

0

0

1

si
«•
100

E

1

O

O

0

3

101

If

300

ia

2

i

0

0

•

tot

l»

1.000

62

6

I

O

O

10

1.00 1

t*

1.000

183

18

2

1

0

• 2

3.OOI

If

10.000

E21

62

6

1

0

261

10,001

If
10.009

1.033

183

18

2

1

• ia

j0.00i
if

100.000

6.2M

621

62

6

1

2.807

100.001

If

300. 000

18.326

I.8J3

183

10

2

i.182

100.001

If
1.000.000

62.130

6.214

521

62

6

20.088

O/«>f*r

Ifltn

1.000.000

103.248

18.325

1.633

183

18

81.803

Score ~

Population

Vflut

_..

10in

PA TABLE 4: SURFACE WATER TYPE / FLOW CHARACTERISTICS
WITH DILUTION WEIGHTS FOR SECONDARY SURFACE WATER SENSITIVE ENVIRONMENTS

Typo at Surf jc*
Wtlor Body Typo Off

minim*! tlrttm
(mall to mod*i*lo •li«*in

modtnl* lo lug* •li«*m

lug* iirtun lo ilvti

(tig* ilvti

3 niH* mixing ion* ol

q.il.l llowlna .lt..r». et dv.i.

COMIC! lldil w«Ui Iliciliot*.

•oundi, b*v*> *l° !• •=••».
•x Qr**l Led**

W*l«r Body
Flow

< 10 cl.

10 lo 100 cl*

> 100 lo I.OOOcI*

> I.OOOlo 1 0.000 ol*

> 10.000 ol*

IO ol* at o'**l*' .

N/A

Dilution
Wolgtil

1
01
N/A
ft/A
N/A

N/A

N/A



SURFACE WATER PATHWAY IcoraMMdl
HUMAN FOOD CHAIN THREAT SCORE5HEET

UKEUHOOD OF RELEASE

liter Sunacc water Uuunooo ot Release score tram oage 12. LR •

T^ *-^—

100

...

HUMAN FQQO CHAIN THREAT TARGETS

8. Record me water ooev tvoe ano flow «rt aooocaetti lor tacn tuner
me target ai nance wnrt. it mere a no itsnerv wntwi me target
Distance MM. amen a Targets scare o* 0 at me oottom et me Dag*.

_ets

ett

9. PRIMARY nSHSUES: If veu suntet anr toiwrv Mno aoov* nu De«n <
to * nixaroous nuance tram me me istc-Surfte* Water Cmcna un. oao* 111.
autgn • score et 300 ana oomtevwiaia factor 10. List tne onmanr tunenea:

•C. SECONDARY FISHERIES

I A. If you sums a r«eaae to awtace wawr ana nav* teencrtied a :
j out no enmary fisMrv. asa^n a scare at 210.
i
! B. If vou oo not tiaotct a reieasa. aa«gn a Seeanoarv F»srier»e« icon from me taoM
: oetow using me IOWVST flow at any tunery wirnm me target durance wnrt.

< 10 crt > 210
10 to 100 efs ' 30
> 100 cts. coastal
tidal waters, oceans,
or Great Laces

12
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f>
SURFACE WATER PATHWAY IcontmuM)
ENVIRONMENTAL THREAT SCQRESHEET

JKEUHQOO OP RELEASE

inter Surrace water uutmooa at Heiaase scare train oage 1 I. LR •

=NV>RONMENTAL. THREAT TARGETS

Heeera me water oeov trot and Mow tif aooncsoiai tor iscn surface water
lensmve inonqmnanc w«nm tne target Distance mnn ISM r>* Tables *
ana SI. It mere HI no senenwc tinmunn^n wrmn Tne target oisnnce
.unit, amqn a Tairgcts score o< 0 at tne oortom of tne oao*.

- t-fem
• L. - r, J

I

PRtMAftY SENSITIVE ENVIRONMENTS: If you ausaeci any sensitive •
mem nstea aoove nas oaen ezooMfl to a Hazardous suostanee from tne site UIM
Sunaee Water Criteria List, oage 111. assign a score of 300 ana do nor evaluate
•actor 13. Lat tne onmerv sensmv* envwonmentr

' 3. SECONDARY SENSITIVE ENVIRONMENTS: If sensitive emnroi
I present, out none ts a onmarv sanarave im»«umient. evaiuata
: Sensitive Cin»iim»iiie»ui oaaeo on flow.

A. For leeonoarv sensmve tm»mii»iieiiu on surface water I oiftow* of
• 00 cts ar wsit. assign scares as follows, ana flo not evawau oart a of
TM factor

rrt r<M. o
/O rill Park- tOO -llOO \

8. if all mem are locates on surface water goono
-«n flow* > 1 0O cts. assign a scare of 10.

T -

/oo

/OO
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=A TABLE £: SURFACE WATER AND AIR PATHWAY SENSITIVE ENVIRONMENTS VALUES

Stmrrrv* cnvtronrnvm
>/iueoj noottat tor ^oootoiix o«oignoioo •mongoroo or tnraoionoo raociaa

;Mann* Sonetuorv
I Naoonai Por«

3*MortotM Foooroj Wrldomon Aroo
I Eeoiogieouv tmoonom orooo ucnofwa unaor tn* COMIOI ion* WHdomooo Act
'S*noiav* Arooo tdonanoa unaor tn* Moaonoi eituorv Progrom or Noor Coootoi w<
iCnnen Arooo toonahoa unaor tno Ooari 1̂ 100 r>iugi«m or tn* doon Motor Act >»uoorooo
iNooano) Manumont low ootnwav onm
i Notional Soooftaro Aoen

100

itor fiwjtmm ot tn* Cloon Wator Act

<*«IFOO»OII Aroo
H*erooBon Aroa

•t Known to oo uooa ay >oaoron» omonotoa or
INononoi ^rooorv*
I NoDonoi or Stato WiWIilo Aotugo
I Unit at COOMOI Somor Aooourooo Swram
IFoaoroi lora aoo r̂wnd tor «io oronaoon of notum
i *ormnmioa»»i» p-orjoaon f

id or tnrootom 75

! Soo«rtMiQ orooo enocoi <or ma
I Migroforv eom%»«vo ond
"

noT«u n Boeroononoi
• ««o«t« known 10 oo uooa ev SUM oootanouo

10 tw uoad av o «oio«» «<naor r
oroongoroo or tnn
•VMW M IO IU

=«o«r»irv q««tonoioa Seam* or Kivor
Si«t* i«no acw^noiod tor «MOU<O or gomo mo>

! Suio a*ttqn*t*a Scone or Wild Mivor
ISMM avwonotod M«ajr« AM*
IHomeuior »'»•«. roioo^oiM priori in

ZS

«ii«. Mtnorronr TO momtononeo a* unrauo
of aouoiie «<• unoor tn% O«on woror Act

So* PA TOM* 6 ISurtMo wmr r>«umo»>
or

•ATobto S (Air

PA TABLE 6: SURFACE WAT5R PATHWAY
WETLANDS FRONTAGE VALUES

Ton/ Ltnant ot Wotfmm
Loo* won O.I
0.1 to 1 mto
Cfoofor tnon t 'to 2 nMoo
Graonr mon i. to 3 nwoo
Gtootor Tnon J to * ntoo
Cuotor man * to t rmo*

Hor tnon t to 12 RMOO
Gcootor ttion 12 to 16 nwoo

Mmr man 16 fa 20
Crootor tnon 20 n»lo«

0
25
50
75
1OO
150
250
ISO
•6O
500
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SURFACE WATER PATHWAY (concluded)
WASTE CHARACTERISTICS. THREAT. AND PATHWAY SCORE SUMMARY

'.VASTc CHARACTERISTICS

A. u vou nave; loermtieo any primary target tor surraee water (cages 12. 14.

or 15). assign me waste cnaracienstrcs score atcuutea an oaae 4. or a score

oi 21. wrucnever « GREATER: oo not evaluate can 6 of trus factor.

j 2. II vou nave NOT identified arrr primary target tor surraee water, assign tne
i ««sie cnaractensncs score caicuuteo on oaoe *.

we «

«•»•.••

19
IB

SURFACE WATFB PflTHWAV THREAT SCORES

"Threat

Dnnwng Water
1

!
1 Human Food Chain
'

j Environmental
i

***•*• tut] So~u

'from MOT 111

_

JOG

/ 00

to**** ti 14 1SI

/J-

/oo

//

'»

ftitfmtfttf

LKxTi WC

••"»• --"•

O.JL

J.J&

SURFACE WATER PATHWAY SCORE
(Drinking Water Threat •*• Human Food Chain Threat f EnwonmarrnV Thnm)



SOIL EXPOSURE PATHWAY CRITERIA LIST

SUSPECTED CONTAMINATION RESIDENT POPVLA TION

Suriiciai contamination can ganaraiiv Da a*cumaa.

N U
o n

if

x

Z Is anv raawanea. tcnoot. or u«vcar« tactfetv on
or witnm 200 taat ot an araa of tuuaetad
cantarnmaaon?

Z is any raaiaanea. «cnoo4. or aavcara taoiitv
locatad on aoiacam lano oravtoumy ownaa or
laaaao by tna ana ownar/ooarator?

Is (tiara a rmgraoon routa mat rmgnt tpraad •
nazaraou* •uoatancaa naar rasiaanen.
ceneo4a. or oaveara taeUinac?

Z "y Z Hava onana or adiaeam rvaidants or rtuaant*
raoonad adyaraa naaitn affaets. asemaiya of
aoparam armking watar or air contamination

Z *£ — Ooa« any natgneonne, praoartv warrant

Othar entana?

RESOENT POPULATION IDENTiFTED?

Summanxa tna raoonaia tor Raaidant Peculation lanacn an aoHinonal paga if naeaaaawt:

/I/O
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SOIL EXPOSURE PATHWAY SCORESHEET

ic »nv oeooie nve on or witrun iOO !: 01 areas at susocctea conwmtn»«on»
' uo inv oeooie vnena senooi or aavcare on or wttnm 200 ft of areas

:: susoected canummjnon?
is :ne tacmtv icnve? VM No V^ » ves. estimate tne numoef of wonters:

LIKEUHOOD OF EXPOSURE

Ye*

Yes

,

' S-'SHtLltU CCNTAMINATION: Surtioai canamnaaon can g«ner«ttv oe assumeo.
ana t sure at ::50 asstgnea. Assign zero ontv it tne aostna at suraai ZZO

v ancnomo xcriooi or aavcare on or witnn 200 feet ot anas at suzMCtea
• ::rttamtnation tuc Soil Exoosurt Punway Cmena UK. cage 181.
I O POOOM > 10 •
i • "^ ̂ "̂̂ ^

2. RESIDENT INDIVIDUAL: If you rove KMmrtied a resoem ooauaoon (factor 21.
< assign a xcorv ot SO: oUMfwue. nry* a ccora ot 0>

i WORKERS: Use tn« touowmg taoic to assign a scsro oasea on tn« tool nwnoer ot

' inn» *» Wutmmm I S t̂u '

0 i 0 I
1 to 100 i 5 1

i 101 to 1.000 1 10 I
' I > 1.000 1 IS ~"l

I 5. 7HHHESTHI At SENSITIVE ENVIRONMENTS: Usa PA Tatte 7 to aswcn a value

I :snnminatian:

! Ma+*»r^U Pa.rL '°"

5. RESOURCES

T -

0

0

/ou

Soo

£

/0<>

WASTE CHARACTERISTICS

• 7 Assign tne w«»te cnanetensnes scare caicuuted on oage 4. we -

RESIDENT POPULATION THREAT SCORE:

NEARBY POPUUXTION THREAT SCORE:

SOIL EXPOSURE PATHWAY SCORE:
Resident Pooumnon Threat -i- Naavoy Population Threat

LE X T X WC
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PA TABLE 7: SOIL EXPOSURE PATHWAY
TERRESTRIAL SENSITIVE ENVIRONMENT VALUES

i critical naoitat ror F-eoerauv aesignatea enoangereo or tnreateneo saeaes ; 00"
'Rational Pane

i Designates reaerai Wilderness Area
'National Monumem

i raonat Known to ae useo ov reaerauv oesigrateo or orooasea tnreatenea or enocngerco scenes 75
l Preserve «eiitaum>

'Mationai or Sate terrestrial WildJHe Refuge
lceaern iano aesignatea tor orarecnan ot natural eeasvsTems
lAamimstratrveiv orooeseo Feoerai waoetnems Af«a
"gTermai areas uroitea ov urge or aense aoafegatiem ot aniftiats ivenePrne raetaeai tor preeamg

I Terrestnai naortat useo Ov Sute oestgnawa erwangereo or tnraateneo
naonat usea t»v speoea unaer revigw tor f<aent aesignateg eneaiyaerec at ff«e»teneq tntus

: State tanas oesignatea lor wraoiiie or game management 2S
j Suta oesigrmea Natural Aren

. rctattvciv smait m sue, imoomnr to m«intenance ot umaue Oiotie eatmnunm«s



AIR PATHWAY CRITERIA UST

SUSPECTED RELEASE PRIMARY TARGETS

v M u

a o n

— AH Are ooon currently raooneo?

I —

A — —

Has reineea of a Hazardous tuostance to tne air
oeen directly oosarvea?

Are mere reoorts of aaverse neeitti effects
•e.g.. noeaacnes. nausea, aizztnesai ootanaailv
'•suiting from migration of hazardous
suoatanees tnrougn the air?

Ooee analytical or ctrcunwantwl evidence
to tne air?

Other cmmnuf

RELEASE?

If you SUSDOCT • !«•••• to «'. cvMuat* «il ooeuiations «na
senstav* •nvtronmwns witnin 1 /4 mite dnciuaing tne««
onsnei u onmarv targets.

Summanze tn« rauonai* tor SutoactM R«i«aaa lattacn «n aaoroonai paga if naeaaaarvt:

ft <-•<. Alf ,S

usi^r
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AIR PATHWAY SCORESHEET

iDa vou susoect a reiease net AH Pjtnwav Cnieri* us;. HOC i".
! Durance to tne neircsr inoiviouai:

No

JKEUHOOD OF RELEASE

SUSPECTED RELEASE: if vou iuioen.1 reiease to air isec Mgt 21;. assign a
szare at S50. Use anrv column A lor mis oatnwav.

i NO SUSPECTED RELEASE: if vou ao not susoen a reiease to aw. assign a
ssare 01 50C. Use onv column B tor tntj oatnwav.

rARGETS

; 2. WIMARY TARGET POPULATION: Determine tne numoer ot
I :o eioesure trom a cusoecxeo reiease ot nazaraous suosnneas to tne a>.

* SECONDARY TARGET POPULATION: Determine me numoer ot oeoow not
lusoecuo to oe exoaseo to a reiease to an. ana assign tne tow ooouaoon
scare using PA Taow 8.

i NEAREST INDIVIDUAL, it vou nav« Mermtiea any Pnmarv Target Poeuwoon
•:• ne air oatnwav. assign a score at SO: atnerwtse. assign tne Meavest

i score irom P«, Taote 8.

SENSITIVE ENVIRONMENTS: Sum tne sensitive emmormient vMuM
<PA Ta0M 5) ana wraana acreage vaims (PA Taow 91 tor ein»«m»««iiti SUOMC:
TO eioosure tram a susaeeted release to me air.

? SECONDARY SENSITIVE ENVIRONMENTS. Use PA TaOle 10 to oewmme
:ne score tor seconoarv sensitive envmmments.

• 15SOUHC2S

WASTE CHARAC1 bHIS 11C

3. A. if you nav* menuina any Primary Target tor me air oatnwav. aawgn tne waste
enanatiuuu scar* atcuana on osoe 4. or a seam of 32. »»f»cne»er n
GREATER: oo not evaluate oarr a ot m* laenr.

B. If vow nav« NOT identified any Primary Target for tne air oatnway. assign me
waste rniiarieiinn i scare caicwateo on oage 4.

AIR PATHWAY SCORE: LB « T WC
82JOO

T -

WC «
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PA TABLE 8: VALUES FOR SECONDARY AIR TARGET POPULATIONS

*

llllltnct

horn SUt

OlKIII

> O lo K nul«

> K lo H mil*

> H lo 1 nuU

> 1 lo 2 null*

> 2 lo 3 nuUt

> 3 lo 4 niilti

fopvlitlon

...£._
0

_Q_

o
Moo*

30o*

O

Nemeil Individual -

Nftrttt

Ichoott
high fill

20

20

2

I

0

0

0

0

I
It

10

1

1

0

0

0

0'

0

/"<i|i«</«l/«ii \VJlhln Pint net CfliQtiiv
II
it
to

2

1

0

0

0

0

0

Jf
It

100

6

1

1

0

0

0

0

101

It

too

16

4

1

1

0

0

0

J0f

It

1.000

62

13

1

1

1

1

0

l.oai
it

J.000

I8J

41

S

3

1

1

1

J. CO

It

10.000

621

130

28

6

3

1

1

10.001

it

JO. 000

1.631

408

86

26

•

4

2

JO. 001
it

100.000

6.214

1 3O3

262

63

27

12

.

100.001

It

100.000

16.326

4 OS 1

682

261

• 3

38

13

too to I
it

1. 000. 000

62.136

13.034

2.616

834

266

120

73

'a,t*iti
IA»

1 000. 000

163.248

40.811

6.815

2.812

• 33

376

229

Scoia -

Papuliihtn
Vslut

_ 3
__0
_

3
01

PA TABLE 9: AIR PATHWAY VALUES
FOR WETLAND AREA

W»ll»ndAitt Atilgntd Vitut
1*11 Ihin 1 ten
1 lo SO iclci

GIMIII Ihin 60 lo IOO cell*

GitaKi lli*n IOO la ISO icru

GIIIUI Ihin I6O la 200 •«!••

Giiilii Ihin 200 la JOO •em

GKIUI linn 100 lo 400 icici

Gitilii llisn 40O lo 600 •€!••

GIIIUI Ihin 600 •«••

O

25

76

126

176

2SO

360

450

600

PA TABLE 10: DISTANCE WEIGHTS AND CALCULATIONS
FOR AIR PATHWAY SECONDARY SENSITIVE ENVIRONMENTS

Dltltnct
Onilli

0 1/4 ny

1/4 l/2n>.

0/lUflC*

Wtlgfit
0.10

0025

OOOS4

Stmlllvt fnvkonmtnl Jyp* tnd Vslut
Ifnm PA Ttblt 6 or 31

*
,
,
i

X

* Ala-h'r^A^f P«.r (*~ /Of) X eef'l
.

,

.

Total Enulionutanlt Scora -

PlOllllCl

Q.£<± '

41

1000



SITE SCORE CALCULATION

: GROUND WATER PATHWAY
SCORE (S,J:

SURFACE WATER PATHWAY
SCORE (S.J:

SOIL EXPOSURE PATHWAY
* SCORE (£,}:

AIR PATHWAY
SCORE (S,):

SITE SCORE:

^

s

c?.V4

/J.bO

JUS

Stn/i*Ssvi-<-Sst->-Sai

\ 4

SJ

g. 75

//V. 96

535T7.3

/3.H7

SUMMARY

YES NO

Is tnara a nign poaantiity of a tnraat to any naaroy ormking watar waMa) by migration of a
hazardous subcianco m ground watar?

A. If yaa. identify tna wallls).

8. If yaa. now many paaoia ara aarvad bv tha tnraatanad waMlal? A/4

2. is thara a nign oossmilitv of a trvaat 10 anv of tna following Dv hazaraoua substanea
migration in surfaca watar?

A. Drinking watar irttaKa
B. Fraftarv
C. Sanantv* anvranmam iwatiand. critical habitat, otrwrsi
0. If yaa. taannfy tna Targatlal.

3. Is tnara a high poaajbitiry of an araa of aurfieial contamination withm 2OO fact of any
raaidanea. aetwoL or daveara tac*ty?

If yaa. idantity tna preparry<iaat and aatvnata tha aaaooatad populationtal.
A/A

4. Ara tnara oubltc haaltn eoncama at tha *ita that ara not addraaaad by PA acermg
conaidaratians? If y«>. axptam:

~ a
~-'

-fo
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APPENDIX C

SITE PHOTOGRAPHS



South view of site from Hopi Point.

jL v'v-1'V ' -L«> .J^—
&-':** -'.^ •• -^
^-^C%. , rv

West view of site from Maricopa Point.
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Aerial view of the "glory hole" at the lower mine area.

SHEDS

Aerial view of the "glory hole" and the lower mine area sheds.
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Southeast view of area northwest of site with scattered tailings
outside the site fenced area.

Northeast view of center of site with the main shaft headframe beyond.

C-3



2.

C«nct»i« Of* fti

• Iikti,

CANYON RIM
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\ \\ \
\
\ ?. \
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/ '- \ s-
i
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40

Relerence: Landmark Reclamation, 1986.
Scale In Feel
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Grand Canyon National Park, Arizona
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East view of tailings hopper at main shaft.

South view of concrete ore pad at south corner of site.
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headframe at the canyon rim
5W5S&5S31

Southeast view of the main

Southwest view of the southeast side of the site with the
concrete ore pad beyond.
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View of mine ore cores at site.

North view of area northwest of site with scattered mine tailings.
West comer of site at right.
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Northeast view of northwest edge of site with the Canyon beyond.

Northeast view of the southeast side of site with scattered
mine tailings on road.
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Northwest view of the diesel underground storage tank fill spout covered
with mine tailings. Northwest edge of site indicated by the fence beyond.

South view of diesel underground storage tank with west corner of site beyond.
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APPENDIX D
SITE INVESTIGATION WORK PLAN

The fo l lowing discussion outlines the site investigation work plan. The work plan is

divided into three tasks. Task 1 includes preliminary activities to be performed prior to the

f ie ld invest igation. Task 2 delineates the field sampling and analysis program. Task 3 describes

report preparation. The attached table presents a cost estimate for completing the following

scope of work.

Task I - P re l imina ry Activities

HLA wil l attempt to locate aerial photographs of the site from the years 1930 to 1969,

(dur ing mine operation) and a recent aerial photograph of the site. Selecr photographs will be

purchased to assess historic mine activities at the site and to prepare a base map for the

sampl ing and analysis program to be performed under Task 2.

HLA w i l l in te rv iew additional former mine employees to assist in interpreting the

historic aerial photographs to select appropriate sampling and analysis locations. We will collect

meteorological data from existing resources to assess wind speed and direction to be used during

the risk assessment, as discussed in Task 3.

Once the historical aerial photographs and meteorological data are reviewed, HLA will

develop a sampling and health and safety plan for the field investigation. This document will

ident i fy the specific activities to be performed during the field investigation, required

equipment, sample collection and handling procedures, and specific health and safety issues for

the personnel involved in the field investigation.

Task 2 - Field Invest igat ion

The field investigation involves three primary activities: underground storage tank

closure, radionuclide survey, and site mapping.
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I'nderground Storage Tank Closure

ADEQ regulations require that before closure, the USTs need to be registered with the

State. At that time, the closure process can proceed. In the field, HLA will assess the presence

ot" a second UST by digging a shallow excavation in the suspected location. The USTs wil l be

pumped dry of remaining f lu id . The residual f lu id will be placed in 35-gallon drums and

stored onsite prior to recycling. Once the f luid has been removed from the UST and vapors are

\ented below explosive levels, the UST will be removed with a backhoe, visually inspected for

leaks, and hauled offsite for disposal. The soil surrounding the UST will be visually monitored

and analyzed in the field with a photoionization detector for the presence of petroleum

hydrocarbon vapors. Soils with detected vapors wil l be excavated and stored onsite on plastic

sheets for subsequent remediation and/or proper disposal. Soil samples will be collected at the

base and sides of the excavations and analyzed to verify that petroleum hydrocarbon-affected

soil has been excavated.

Radionucl ide Survey

Previous site surveys have indicated that the radioactive waste material from the Orphan

Mine is not confined to the present fenced area. The intent of the radionuclide survey is to

assess the extent (i.e.. area and depth) of radioactive mine waste at the Orphan Mine. The field

survey w i l l evaluate both the area at the canyon rim and the area surrounding the lower mine

workings. Data obtained from the field survey will be used directly in the risk assessment

process. The key components of the field survey include:

- general gamma radiation survey

- grid node gamma radiation survey

- grid node beta radiation survey

- subsurface beta and gamma radiation survey

- physical sample collection for laboratory analysis
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General Gamma Radiation Survey: The land area surrounding the present fenced site at

the canyon rim will be surveyed using a gamma scintillation meter. The purpose of this survey

wi l l be to assess the lateral extent of radiation above natural background and to assess the total

area to be included in the next level measurements. Natural background conditions will be

established with the gamma scintillation meter for locations within one kilometer of the site.

Small flags, fluorescent tape, or wooden stakes will be used to mark this outer boundary.

Grid Node Gamma Radiation Survey; Once the total area with radiation levels above

natural background has been identified, the entire area will be subdivided into square grids 10

meters on a side. Larger or smaller grids may be used depending on the size of the area and

the results of the general survey.

A detailed gamma radiation survey will be made of the grided area using a gamma

scintillation meter. The field personnel wil l take readings at the surface of the ground and at

about I-meter-high at each grid node location (i.e., at grid line intersections). The area within

each grid square wil l be scanned by walking slowly over it and observing the uniformity of the

readings and noting the location and magnitude of the highest readings. More detailed readings

will be collected at the ground surface to define the areal extent of the highest readings.

Given the maximum public exposure of 0.002 rem/hr (2 mR/hr) identified in Section

3.3. areas that are identified in the gamma radiation survey that meet or exceed this value will

be identified wi th a different color of flag, tape, or stake than was used to define the outer

limits of the mine waste area. If the surface level readings are used to define the 2 mR/hr and

higher areas, a conservative estimate of the area exceeding the hourly limit will be obtained.

Total-body exposures that would be experienced by Park visitors and staff would be expected to

be much lower than the readings at the ground surface.
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Grid Node Beta Radiation Survey: Either concurrently or sequentially, the grid node

survey wi l l be repeated wi th a Geiger-Mueller (CM) counter. Two sets of readings wil l be

collected, one w i t h the GM meter cover open to measure total beta and gamma radiation, and

one wi th the cover closed to measure gross gamma activity. Gross beta activity is determined

by subtracting the gross gamma activity from the combined gross beta/gamma activity. As part

of this exercise, gross gamma readings will be collected concurrently with the scintillation and

GM meters to assess the level of agreement between the instruments.

Subsurface Radiation Measurements: Once the surface radiation survey data have been

collected, the areas of highest surface radiation readings will be examined to assess locations for

subsurface radiation measurements. Subsurface areas should be measured because areas with

high radiation could result from the presence of subsurface material with high radiation. A few

areas of low readings wil l also be examined because the potential exists for higher subsurface

radiation readings in areas where low readings were encountered at the surface. The excavation

equipment used to remove the USTs will be used to dig shallow trenches across a few of the

identified areas. The trenches wil l likely begin and end in the areas of the low radiation

readings and cut a cross section through the zone identified as having the highest surface

readings. Because of the shallow depth underlying the bedrock, it is anticipated that the

trenches will be no more than two feet deep and no wider than the width of a backhoe bucket.

The excavated material and the lateral and vertical extent of the trench will be surveyed with

the scintillation and GM meters to assess the vertical extent of the mine waste. The surface and

subsurface data will be used to an estimate of the quantity of radioactive mine waste at the

upper mine area.

D-4



Physical jjamnle Collection; Soil and rock samples will be collected from various

surface and subsurface locations. Sample collection sites will include:

outside the identified mine waste area

inside the identified mine waste area

areas with radiation readings above background but less than 2 mR/hr

areas with radiation readings above 2 mR/hr

areas inside the shallow trenches

areas with the highest radiation readings

The collected samples will be submitted to a laboratory for gamma spectroscopy analysis.

The primary purpose of the laboratory analyses will be to assess levels of uranium-238,

thorium-230, and radium-226 in each sample. Other radionuclides may be identified using

gamma spectroscopy methods if they are present in the samples at high enough levels.

Survey of Lower Mine Workings: Two members of the field team will hike down to the

lower mine workings to perform a radiation survey of the area surrounding the "glory hole" and

adit. If surface water is present in the lower mine area, a sample will be collected for uranium

analysis. A less detailed survey than was performed at the upper mine area will be made at this

location. It is intended the team members will complete the survey and make the round-trip

hike in one day.

Site Manning

Upon completing the investigative activities, the horizontal and vertical position of each

marked location (flag, stake, excavation etc.) will be surveyed and tied into a site coordinate

system by a registered land surveyor. These data and other site observations will be used to

develop a detailed base map for the site. Field radiation survey results (beta and gamma) will

be plotted on the base map for use in the risk assessment.

D-5



Task 3 - Project Report

A draft report wi l l be prepared and submitted to the NFS for review. The report will

include documentation of the collected data, conclusions, and recommendations for additional

work if required. The report will be revised based on the NFS comments and submitted to the

NFS as a final document.

D-6
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Harding Unraon Associate*

TABLE D 1. SITE INVESTIGATION
DIRECT LABOR BUDGET ESTIMATE
ORPHAN MINE SITE INVESTIGATION
GRAND CANYON NATIONAL PARK

TASK
ASSOCIATE SENIOR PROJECT STAFF TECHNICAL WORD
SCIENTIST SCIENTIST SCIENTIST SCIENTIST EDITOR PROCESSOR CLERICAL GRAPHICS TOTAL.1

T.isk 1 - Preliminary Activities

Geologic summary
Review applicable
state regulations

Aerial photo survey

Task 2 - Field Investigation

Sampling and
analysis plan

Health and safety
plan

Underground storage
tank closure

Radionuclide survey

Task 3 - Report

Total hours

Hourly rate ($)
Subtotal cost ($)

16
16

16
16

10

36
36

4

2

8
48

15

117

95.50
11,174

16
48

25

89

63.66
5,666

8

4

20

48

58.13
2,790

16

16

36

0

84

49.14
4,128

4

4

5

13

35.99
468

8

8

8

12

46

40.13
1,846

4

8

12

35.99
432

40

34

60
108

15 100

15 424

35.99
540 27,043

Note: Eight field days with two people are scheduled for Task 2.

Bl 6028-125



Harding Lawson Associates
TABLE D-l. SITE INVESTIGATION (continued)

OTHER DIRECT BUDGET ESTIMATE
ORPHAN MINE SITE INVESTIGATION
GRAND CANYON NATIONAL PARK

Task 1 - Preliminary Activities

Aerial Photo Survey

8 Photographs <a S50 S40°

Task 2 - Field Investigation

Sampling and Analysis Plan

Computer time 8 hours <n) S25/hour S200

Health and Safety Plan

Computer lime 8 hours (d- S25/hour S200

Underground Storage Tank Closure

Laboratory lees 5 samples (a.1 S100 eaeh S500
Equipment rental S400
UST Excavation and disposal cost S6,000
(assuming no over-excavation of affected soil)

Radionuclide Survey

Equipment rental (radiation meters) 7 days (a S90/day S630
Personal protective equipment

(coveralls, boots, TLDs, etc.) S800
Air travel - 2 roundtrips @ S800 ' 51,600
Per diem/hotel 16 days @ S100 51,600
Rental car 8 days @ 550/day 5400
Laboratory analyses 20 samples @ 5100 52,000
Surveyor (To be determined)
Miscellaneous (estimate S500) 5500

Task 3 - Report

Computer time 25 hours (Vi S25 S625
Reproduction S200

Total cost 516,055

816029-125



Harding Lawson Associate*

TABLE D-2. RISK ASSESSMENT
DIRECT LABOR BUDGET ESTIMATE
ORPHAN MINE SITE INVESTIGATION
GRAND CANYON NATIONAL PARK

TASK
ASSOCIATE SENIOR PROJECT STAFF TECHNICAL WORD
SCIENTIST SCIENTIST SCIENTIST SCIENTIST EDITOR PROCESSOR CLERICAL GRAPHICS TOTAL

Task 1 • Risk Assessment

Hourly rate ($)
Subtotal cost ($)

75

95.50
7,163

40

63.66
2,546

150

58.13
8,720

50

49.14
2,457

16

35.99
576

28

40.13
1,124

35.99
288

18

35.99
648

100

23,522

OTHER DIRECT BUDGET ESTIMATE

Task 1 - Report

ComputerTime 56 hours @ $25/hr

TOTAL

1,400

$24,922

e

U1782B-Q1



DISTRIBUTION
Harding Lawson Associate*

8 copies: National Park Service
Denver Service Center
12795 West Alameda Parkway
P.O. Box 25287
Denver, Colorado 80225
Attention: Ms. Shelly Wells

QUALITY CONTROL REVIEWER

Robert A. Zimmer / j
Associate EnvironmehtaLacientist



Jere Johnson/R9/USEPA/US

02/23/200712:25 PM

To Philip Armstrong@EPA

cc

bcc

Subject Fw: Grand Canyon Briefing

Jere Johnson
Site Assessment Manager
EPA Region 9
415-972-3094
415-947-3520 (fax)

Forwarded by Jere Johnson/R9/USEPA/US on 02/23/2007 12:25 PM

Sara Segal/R9/USEPA/US

kiifidft 06/29/1999 11:24 AM To Steve Dean/R9/USEPA/US@EPA, Jere
Johnson/R9/USEPA/US@EPA

cc

Subject Grand Canyon Briefing

here's what the NPS sent me. fyi and any comments?

- brf 799.doc



Intel-mountain Denver Support Office - Office of Environmental Management
BRIEFING STATEMENT

February 23, 2007
Issue: Cleanup of the Orphan Mine at, Grand Canyon National Park

Background: The Orphan Mine Site, located 1.5 miles northwest of the South Rim Village , consists of a 3-acre
upper mine area at the canyon rim and a lower mine area approximately 1000 feet in elevation below the rim. The
site has been determined eligible for the National Register of Historic Places. The site is contaminated with
radionuclides (including Uranium, Thorium and Radium isotopes) as well as heavy metals (including copper,
arsenic and lead). Aloha particles have been found in the Horn Creek Spring in the lower canyon. The spring was
historically used as a drinking water source by hikers. The contamination may effect visitors, residents, students,
worker population and the flora and fauna in the area. The site is listed on the 1995 Federal Facilities Compliance
Docket. It is not on the National Priorities List.

1906 to 1959 - Copper ore was mined
1951 to 1969 - Uranium ore was mined
1987 - The National Park Service (NFS) acquired full title to the property
1993 - NFS Western Region conducted a Preliminary Assessment .and as required under the FFCA, a copy

was sent to EPA-R9. Although the "score" was not high enough to include the site on the National
Priorities List, it was recommended that the site be remediated. There were human health concerns
raised due to the levels of radiation possibly present.

1996 - A human health Risk Assessment was performed to set cleanup goals for the site.
1997 - An Engineering Evaluation and / Cost Analysis (EE/CA)was begun in the fall.
1998 - A stake holders meeting with park representatives and regulatory authorities (EPA R9, AZ

DEOJwas held in November. The EE/CA was put on hold, when it was realized further site
characterization was needed. NFS asserted it authority as the lead on the clean-up. NFS and EPA
will partner - EPA will provide technical advise for site.

- The park hydrologist noted that recent samples from Horn Creek spring showed alpha particles up
to 90 pica curies.

1999 - With aid of EPA and the Navy, a 100% radiation survey in being performed on the site. This will
aid in establishing background radiation levels and minimize soil removal.

- NFS is partnering with USGS is define the movement of radionuclides and heavy metals in the
groundwater of the canyon. The goal of the study is to define whether the contamination in Horn
Creek Spring is naturally occurring or caused by the mining. And to establish risk levels
associated with the lower mine site.

General: Cleanup of the upper mine site will continue while the lower canyon water study and lower mine site
investigation is in progress.

Public review: To meet CERCLA requirements, EE/CA's for both the upper and lower mine sites will be drafted
and submitted for public review. The EE/CA will review the contamination issues at the sites and explain the
development of remedial action alternatives. IMDE is the lead on the completion of the documents. Current
timeframe for the public review of the upper mine site is Summer/Fall 2000. The lower mine site is dependent on the
USGS study timeframe (as yet not established.)

106 status: Removal of the mining headframe and other structures on the mine site may be required for cleanup.
Since the site may have historical significance the NFS is required to consult with the State and, if necessary, the
Advisory Council on Historic Preservation. This process will begin once the 100% radiation survey is completed.

Potential Responsible Parties (PRP): A baseline PRP study has been completed. NFS is working toward cost
recovery.

Tribal Interest: Local Tribes have be informed of the issues associated with the site. Grand Canyon staff have
taken the lead in consolation and NFS will make all efforts necessary to assure Tribal concerns are addressed.

Contact at IMDE: Kris Provenzano, Office of Environmental Management, 303-969-2671



Contact at GRCA: John Beshears, Park Engineer, 520-638-7908.
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,jf „ SETLOW.LOREN
11/23/98 09.03 AM

To. JOHNSON.JERE
cc. BALL.HAROLD, BANDROWSKI MIKE, DEAN STEVE, FEELEY.MICHAEL
Subject: Orphan Uranium Mine-Grand Canyon Responsibhties

** High Priority **

Jere,
In preparation for a conference call either today, November 23, or in the next week with the National Park
Service(NPS) Regional Office in Denver, this e-mail constitutes my understanding of the current status of
discussions and arrangements between the Office of Radiation and Indoor Air in Washington, Region 9
Superfund Division, the NPS Intermountam Region, and NPS Geologic Resources Division regarding the
abandoned Orphan Uranium Mine, Grand Canyon National Park, Arizona This includes discussions held
between you and I and Steve Dean over the last 3 weeks, the meetings I held with NPS personnel in
Denver October 19 and 23, the meeting attended by yourself, Steve and I at the Grand Canyon November
4 and 5, a phone call I had with Kris Provenzano at the NPS on November 12, and a phone call I held
subsequently with Steve last week:

We have agreed that you are to be the EPA project lead for this site.

All parties have also agreed that the NPS contractor prepared 1996 draft risk assessment and supporting
radiological survey and sampling is inadequate, and that a resurvey of the site along with new hydrological
geochemical/radionuclide studies is required. To that end, ORIA has committed its own operating funds
and staff to take the lead in the resurvey, soil and core sampling, and hydrological studies of this
radioactively contaminated site. As the ORIA funds involved are not Superfund derived, and are part of
our national commitment to support EPA*s regional offices in identification, evaluation of, and cleanup of
radiologically contaminated mining legacy wastes, there is no constraint on our working on Federal
facilities. Recognizing Region 9's responsibility in reviewing and approving actions proposed or taken by
the NPS at this site, we have agreed to work in cooperation with you and Steve, and other region 9
personnel (which we believe should also include Michael Bandrowski) in the selection of methodologies
and sampling scheme for the site resurvey to ensure that they meet agency standards for quality
assurance and quality control (including MARSSIM as necessary) for radiologically contaminated and for
potential NPL sites.

All parties also agreed that there was a need to do a 100% radiation survey of the upper mine haul-out
location on the South Rim along with further soil sampling and coring at that location, a walking radiation
survey scan of the old mine haul road, additional survey of the lower mine workings, and ground
water/spring water sampling of the lower workings and spring below the mine, plus appropriate
radiochemistry and metals chemistry analyses of the samples taken.

To the extent possible, we will also work with you, Steve, and regional personnel in identifying appropriate
contractors or Federal teams capable of doing this field and laboratory work (note that we do have our
own contractors for this as well). Accounting for the funds spent will be done according to Superfund
standards should PRP*s be determined to be accountable for government reimbursement.

We agreed at the meeting in Arizona that Steve Dean would speak to personnel of the Navy's *Sports
Detachment* regarding the possibility of their conducting the radiological survey. It is my understanding
that they attempted to contact Kristme Provenzano on this matter to see if the NPS would fund them



directly for this work. In turn, she told me that the NPS would prefer that all surveying and sampling on
this project be overseen by a single entity, and preferably EPA. We agree, and since the Navy cannot
conduct the laboratory sample analyses, geological coring or hydrological evaluation for this site, we
recognize that the field and laboratory work may need to be conducted by more than one contractor or
subcontractor. As the EPA ORIA funds we have available for this project will likely not cover its full cost,
the NPS has proposed developing an interagency agreement with us to provide the appropriate monies to
complete the project, and to memorialize the understandings of the project in that agreement (an existing
interagency agreement dated June 1995 between EPA and the NPS for environmental management of
non-coal mines and funds transfer could be used as the initial umbrella for this project.) I propose that the
terms and content of any such supplemental interagency agreement be coordinated between ORIA,
Region 9, and the NPS.

Steve Dean told me last week that he would find out if the Sports Detachment would be willing to work for
ORIA on an interagency agreement to carry out the radiological surveying, and promised to forward to me
materials on their capabilities.

Based on discussions at the meeting in Arizona, you agreed to provide to the NPS and us a decision on
what form any subsequent reporting on the radiological contamination of the site should take (expanded
site investigation, report of investigation).

In our conversation two weeks ago, Kris Provenzano agreed to send to me and Steve copies of site maps
she had located on the upper mine workings and building locations, and maps of the haul road. She will
also provide radiological data obtained from air sampling in the vicinity of the mine carried out in previous
years. I agreed to provide Kris with a copy of the February 1998 joint ORIA/Superfund guidance for soil
cleanup of radiologically contaminated soils and sites (already sent by fax).

Given weather conditions at the site, and the time necessary for completing necessary arrangements for
interagency agreements and contractor support, any surveying of the site will need to take place in the
Spring or Summer of 1999. Site approvals will be coordinated with the NPS for appropriate permissions
and also to evaluate whether there will be any impact on the Peregrine Falcon nest on the cliff near the
mine.

Discussions and decisions to be made on site remediation will be made by the NPS in coordination with
you and Region 9 Superfund. However, as we have been involved in development and application of new
technologies for site remediation of radiologically contaminated mine lands and waters, and will have
played a role in evaluation of the site radiation problem, we would like to participate in these discussions
as an advisor when the project has reached that stage.

For your information I am enclosing a letter which the Park Service sent to me in June regarding ORIA
participation in evaluation of abandoned uranium and other NORM contaminated mines on Park Service
land.

If there are many matters I have overlooked or you feel need to be included in this set of understandings,
please let me know.
I look forward to continuing to work with you, Steve, and Region 9 personnel and management on this and
other radiation contamination projects in the near future.

Regards,
Loren Setlow
NORM Team Leader, ORIA

-HIGGIN-1.WPD



SOME ACCOMPLISHMENTSil.il
•EXECUTED OVER (60 MILLION

TRAINED AND OUTPLACED OVER 500 PEOPLE

•SERVICED 82 DIFFERENT CUSTOMERS

•COMPLETED 218 ENVIRONMENTAL PROJECTS

> DEVELOPED STATE OF THE ART UXO & G-RAM SERVICES

135 AREAS SURVEYED AND UXO REMOVED

PROVIDED THE CITY OF VALLEJO 202 BLDGS FOR OCCUPANCY

'25 BUILDINGS CLOSED

'2 HISTORICAL LBPABATEMENTS

'1 CHEMICAL PLATING SHOP DEMOLISHED

»12 EBS's PREPARED

'270,000 GALLONS OF OILY WATER PROCESSED

'185,000 GALLONS OF WASTE OIL PROCESSED

'2 BIO-REMEDIATION PROJECTS STARTED

' MANAGED CRADLE TO GRAVE 9,500 TONS OF HAZ WASTE

21 WASTE SITE REMOWL ACTIONS COMPLETE

' PERFORMED BRAC LAYAWAYINSPECTONS ON 6,600 BUILDINGS

' REMED. 5112 ACRES (DRMO)=970,000 LBS OF SOIL & PAVEMENT

'ASBESTOS SURVEY AND REMEDIATED 225 BLDGS

' REMOVED 97 UST's AND 15,000 FT. OF ASSOCIATED PIPING

33 ABOVE GROUND STORAGE MS CLEANED AND REMOVED
SURVEYED 4 REMEDIATED 40 HIGHLY CONTAMINATED PCB SITES

CONTACT:
SSPORTS Environmental Detachment
Business Office, Code 110
P.O. Box 2135
Vallejo.CA 94592-0135

Voice: (707) 5623262
Fax: (707) 562-3266

for everyone's fonef/t.
Remember! We don't inherit

resources from our ancestors,
we borrow them from our

offspring.



SSPORTS ENVIRONMENTAL
DETACHMENT VALLEJO
AS DIRECTED BY THE 1993 BASE

REALIGNMENT AND CLOSURE COMMISSION

(BRAC), MARE ISLAND NAVAL SHIPYARD CLOSED

ON APRIL 1st, 1996 AND OUR DETACHMENT,

ALREADY FULLY OPERATIONAL, OFFICIALLY

COMMENCED WORK ON APRIL 2nd. SINCE OUR

INCEPTION WE HAVE SUCCESSFULLY

A C C O M P L I S H E D H U N D R E D S O F

ENVIRONMENTAL PROJECTS AT THE SHIPYARD

AND SUCCESSFULLY EXPANDED OUR BASE OF

f
PERATIONS TO PROVIDE SERVICES TO 82

USTOMERS FROM 9 GOVERNMENT

EPARTMENTS IN 21 STATES. THE DETACHMENT

AS BEEN RECOGNIZED BY THE NAVAL SEA

SYSTEMS COMMAND AS A "RESOUNDING

SUCCESS" AND OUR ACCOMPLISHMENTS HAVE

BEEN BOTH PUBLISHED AND APPLAUDED

THROUGHOUT THE DEPARTMENT OF DEFENSE.

WORKING CLOSELY WITH EPA OFFICIALS WE

ARE CONSTANTLY STRIVING TO BRING OUR

CUSTOMERS SAFER AND MORE COST

E F F E C T I V E W A Y S T O P E R F O R M

ENVIRONMENTAL WORK. OUR FINANCIAL«TRUCTURE OF "FULL COST" RECOVERY IS

CHIEVED THROUGH AN EXTENSIVE SYSTEM

OF CHECKS AND BALANCES AND WE TAKE

PRIDE IN MAINTAING A SELF-SUSTAINING

OPERATION WITH NO INCREASE IN PROJECT

COSTS.

QUALITY PEOPLE AND QUALITY SERVICES

MEANS QUALITY PRODUCTS FOR OUR

CUSTOMERS. CALL US TODAY AND LET US HELP

YOU WITH YOUR ENVIRONMENTAL PROJECT.

SOME CAPABILITIES INCLUDE
ASBESTOS SURVEYS, ABATEMENT

LEAD SURVEYS, ABATEMENT ,

ENVIRONMENTAL BASELINE SURVEYS.

PARCEL SPECIFIC EBS
FOSL, POST

PCB SURVEYS

CAD/CAM CAPABILITY

INSTALLATION RESTORATION:
REMOVALS

FEASIBILITY STUDIES

GROUNDWATER MONITORING
UNEXPLODED ORDNANCE (UXO)

SITE INVESTIGATIONS, SURVEYS

REMOVAL ACTION PLANS
BRAC CLEANUP PLANS

ECOLOGICAL RISK ASSESSMENTS

EXCAVATION/SOIL SEPARATION

GRADING AND PAVING

FOUNDATION REMOVAL

GEOGRAPHIC INFO SYS (CIS)

SPCC PLANS

CONTINGENCY/FACILITY

RESPONSE PLANS

UST REMOVALS

ACCUMULATION AREA CLOSURES

STORMWATERPPP

OZONE DEPLETING

SUBSTANCES SURVEYS

RCRA FACILITY CLOSURES

PARTA&B PERMITS

CATEGORICAL EXCLUSIONS

RADIOLOGICAL

CHARACTERIZATION

STORM DRAIN CLEAN-OUT

BUILDING DEMOLITION/MODIFICATION

HEAVY EQUIPMENT OPERATION

SOME ADVANTAGES INCLUDE
COST EFFECTIVE/CONVENIENT

EDUCATED AND CAPABLE

FIXED RATES

NO PROFIT MARGINS

LOW HOURLY RATE

MATERIAL AT ACTUAL COST

EXCELLENT COST & SCHEDULE

RECORD

EQUIPMENT INVENTORIES

• PARTNERSHIPS

• PRICE IS ACTUAL COST

NO HIDDEN CHARGES

• IMPROVED RESPONSIVENESS

• DIRECT CUSTOMER/SUPPLIER

RELATIONSHIP

• NON-PROPRIETARY DWGS

• INTER AGENCY AGREEMENTS,

NO RFPs
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fiOy1/2CECE
AGENDA

ORPHAN MINE, GRAND CANYON, ARIZONA

DATE November 4, 1998 (Possibly morning of November 5)
TIME 8 30AM - 5'OOPM
LOCATION" TBD

GOAL To identify additional information and site work needed to prepare an Engineering Evaluation/Cost
Analysis (EE/CA) for public review

"Begin at the beginning go on till you come to the end then stop "
- Alice's Adventures in Wonderland

TOPIC
TIME

(Estimates Only)

Introductions
830am

What's Been Done
900am
- History of mining and ownership

- Discussion of Preliminary Assessment Work
- Discussion of Risk Assessment Work and Recommendations

- Discussion of Data to be used for EE/CA (particularly the
applicable or relevant and appropriate requirements, ARARS
- laws and regulations governing the site cleanup)

Concerns and Issues With Site and Proposed Remedial Actions 10 30am
- Air Quality
- Water Quality
- Human Health
- Threatened and Endangered Species
-Historic (106)
- Tribal Concerns

SITE VISIT
- After lunch, visit upper mine site area and try to view area of lower mine

Where We're Going
400pm

- Funding
- Finalize Project "Honey Do" list

- Schedule Next Meeting
- Completion Timeline

PLEASE RECYCLE DATE \@ "MMMM d, yyyy" October 21, 1998

EMBED MS_ChpArt_Gallery



AGENDA
ORPHAN MINE, GRAND CANYON, ARIZONA

DATE: November 4, 1998 (Possibly morning of November 5)
TIME: 8:30AM - 5:OOPM
LOCATION: Shrine of the Ages

GOAL: To identify additional information and site work needed to prepare an Engineering
Evaluation/Cost Analysis (EE/CA) for public review.

"Begin at the beginning... go on till you come to the end: then stop."
- Alice's Adventures in Wonderland

TOPIC

Introductions

What's Been Done. .
- History of mining and ownership • • '
- Discussion of Preliminary Assessment Work

, - Discussion of Risk Assessment Work and Recommendations

SITE ; VISIT (visit upper mine site area andtry to view arecrof lower mine) •- .

What's Been Done (continued)
- Discussion of Data to be used for EE/CA (particularly the

applicable or relevant and appropriate requirements; ARARS
- laws and regulations governing the site cleanup)

Concerns and Issues With Site and Proposed Remedial Actions
- Air Quality
- Water Quality
- Human Health
- Threatened and Endangered Species
- Historic (106)
- Tribal Concerns
- Geological and Radiological Needs

Where We're Going
- Funding
- Finalize Project "Honey Do" list
- Schedule Next Meeting
- Completion Timeline

LUNCH - ONE HOUR SOMETIME AROUND NOON

TIME
(Estimates Only)

8:30am

9:00am

9:45am

ll'.OOam

4:00pm

O PLEASE RECYCLE Novembers, 1998
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Steve Dean
11/02/98 09 20 AM

To: Jere Johnson/R9/USEPA/US@EPA
cc
Subject Orphan Mine

•>•

Forwarded by Steve Dean/R9/USEPA/US on 11/02/98 09 23 AM

Richardv Graham

i;: 10/30/98 04-50 PM

To Steve Dean@EPA
cc
Subject Orphan Mine

Steve Its a long story but I have the time to write NFS-Geological Resources Division, HQ, is stationed
here in Denver. Over 5 years ago I was working with their geologist/bat specialist/radiation staff member
on mines in UT, NM, and elsewhere I provided him equipment for monitoring, review of his documents,
and advised him on U toxicity/Rn inhalation, mining chemistry, etc Because of this relationship, we (R8)
have been working with those guys on U mines, coal mine,
AML cleanup, etc

This April, I held a U mining Conference in Grand Junction, CO where Federal agencies (BLM, USGS,
USFS, NPS, EPA,) and 4 state agencies came and talked about their problems I invited Loren, who sat
and thought_about how to get these troubled mines off the ground Bob Higgms, NPS Chief GRD,
suggestedfEPA pay for cleanup of a "poster child" mine". EPA got publicity and NPS got thejrea-cjeaned^
Hence, our idea to get the Orphan cleaned up: Loren got the_$ this year from Superfund foTcleanup^ln^^^
the meanwhile, no one here in Denver, either the NPS Regional Office or HQ knew that tiie~Parlfhad the
RA done So, while two mine meetings were held here in Denver (one last week, the other this week)
Loren and I met with Kris Provenzano, NPS Contaminants Specialist for the Intermountam Region She
just got back to the continental US from Alaska, so didn't know of all these happenings

Yes, I saw the Risk Assessment, and agree that more characterization is needed I talked to Las Vegas
about using their van and NAREL about sample support Because of Loren's HQ status, I believe we can
get more characterization done without taking all of Loren's (HQ) NPS money but probably without
cleaning the site up (I recommended to Kris that the NPS cleanup to background just "because" of its
status and publicity Forget costs and risks!). Thats up to NPS to use their $ to finalize the cleanup

Now that we here in CO (NPS and EPA) know of the nature of the beast, the risk assessment, NPS/R9
involvement, etc I am sensitive to your concerns and needs So, don't be worried about my involvement I
have enough to do here in R8 Because of our initial time investment and contacts with LV and NAREL,
Loren was being nice about "looping me in". Be aware, there still are two other NPS concerns' 1) Load out
station near rail spur has not been identified or sampled; 2) Blocking the path along the rim to the entrance
of the "Glory Hole" down the rim. The Glory Hole is slumping into the canyon and is an extreme health and
safety concern to the individual who gets the "bug" to hike all the way down there Easy solution is simply
blocking the path down the rim

As far as your question about involvement, I am interested in the Sampling Plan, as I talked with our
statistician about use of MARSSIM on the pile and want to learn more about nature and extent. But thats
out of professional curosity I also believe that this site gives us (EPA) an opportunity to get the LV,



NAREL, and HQ ORIA crowd their time in the sun, instead of our "superfund" guys (even though you and I
are both supported by NPL funds). So, thats that!!

Give me a call Mon AM, if you want (303) 312-7080. Oh, last detail A woman for the NPS, is on detail to
us (EPA HQ $) to develop AML NORM database. Diann Gese You'll meet her at the meeting next week

Regards,
richard
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Kns_Provenzano@nps.gov on 10/22/98 08:48:06 AM

To Johnson jere
cc
Subject Orphan Mine Meetings

Had you name misspelled Hope this make it to you
Kris

Forward Header
Subject Orphan Mine Meetings
Author Kris Provenzano at NP-DENVER
Date 10/21/98 4:52 PM

Hello all -

Attached is a copy of the Agenda for the meetings at Grand Canyon
MEETING LOCATIONS ARE TO BE DETERMINED - JOHN BESHEARS WILL E:MAIL AS
SOON AS ROOMS ARE SET

Jerry - Would you forward this message to the "radiation guy" in your
office (I have the name down as Steve Dean - is that correct and is he
still coming?) I was thinking that if we start getting into great
depth on the Risk Assessment science, and we start loosing people, we
may need to break on the subject and meet on Thurs or a later date to
re-address. Your thoughts?

Travel Information
Fly to Las Vegas then directly to Grand Canyon (GRCA), or
Fly to Flagstaff and drive 1-1/2 hours to GRCA, or
Fly to Phoenix and drive 4 hours drive GRCA

You should be able to tell the guard your on official park service
business I'll leave your names at the door if that is what is needed

Lodging
I have reserved rooms at the Albright training center in the park
The rooms are supposed to be quite nice - each has a kitchenette, but
no phone in the room. (The park hotels usually do not have phones in
the rooms either. Two rooms are reserved in Jerry's name for her and
Steve or whomever; one room is reserved in Barney's name (rate
$30/night) Call Anne Johnson at 520-638-7980 to confirm

Thank you in advance for your interest and participation in this
project

Regards,
Kris (303-969-2671)



Wednesday Nov 4 (and Nov 5) Meeting Participant List

John Beshears, Park Lead, Engineer, GRCA
Carl Bowman, Air Quality, GRCA
Doug Brown, Compliance, GRCA
Kris Provenzano, DSO CERCLA contact, IMDE
R V Ward, Wildlife Biologist, GRCA
Jerry Johnson, EPA, Region 9
Steve Dean, EPA, Region 9
Barney Oldfield, Arizona DEQ
Shawn Mulligan, WASO-Hazmat, Solicitor

Tentative -
Supt or Assist. Supt. GRCA
CurtEdlund, Chief of Maintenance, GRCA
Diann Gese, WASO-GRD
Loren Setlo (EPA WASO)

- 11498adgdoc
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Delineation of non-point sources of uranium

K.
James K. Fitzgerald, David K. Kreamer, Kevin H. Johannesson, and John Rihs

ABSTRACT

The Orphan Uranium Mine, located in the eastern Grand Canyon, is at the headwaters

of Horn Creek drainage which presently discharges hostile effluent containing uranium

above the US EPA maximum contaminant level for gross alpha (IS pCi/1).
v

Byproducts of mine operations are a likley non-point source of uranium

contamination. Geologic and water quality data suggest that water in Horn Creek is

derived from two sources: 1) the South Rim Aquifer; and 2) water stored in Horn

Creek basin. Base flow to Horn Creek is a product of spring discharge from Paleozoic

carbonate rock (i.e., South Rim Aquifer). The latter water has a pH > 7, high

buffering capacity, an average B8U concentration of 24 ± 0.3 ppb, and is classified as

a Ca-Mg SO4
2" water. The discharge rate at high flow (winter to spring) is a factor of

three greater than at low flow. Precipitation and storm-runoff captured in the basin are

the likley sources of recharge. Consisting of debris deposited locally, a shallow

unconfined aquifer holds water with significantly different chemistry: pH < 6, low

buffering capacity, and a DIU concentration of 92.7 ± 0.1 ppb. Recharge to the

unconfined aquifer is not in equilibrium with the aquifer matrix and actively dissolves

uranium from waste rock. As a result, effluent contains higher uranium concentration

during the high flow regime. Data suggest that the non-point source of uranium is

probably waste rock which has been inter-mixed within Horn Creek basin as a result

of historic mining operation.



INTRODUCTION

Uranium mineralization is relatively common in the southwestern United States and, in

particular, in the region surrounding the Grand Canyon in northern Arizona (Fig. 1) (Whenrich and

Huntoon, 1989). These uranium deposits commonly occur as mineralized karst breccia pipes which

have sloped upward since the Mississippian and Triassic (Whenrich, 1986). The Orphan Uranium

Mine, located in the eastern portion of the Grand Canyon, below the South Rim, exploited one of these

mineralized breccia pipes from 1951 to 1969 (Fig. 1).

Mineralized karst breccia pipes are typically located in the basal members of the Redwall

Limestone up through the Kiabab Limestone. Inward collapse structures create breccia zones of high

porosity in rock material which is in the latter stage of diagenesis. According to Wenrich (1986), low-

temperature fluids mineralized these breccia pipes between 190 and 200 Ma.

Horn Creek basin is located directly below the mine and discharges waters containing uranium

concentrations above the maximum contaminant level set forth by the United States Environmental

Protection Agency (US EPA) (Fig. 2). Two possible non-point sources of uranium are present as a

result of the mining operation: 1) waste rock washed into Horn Creek basin during the mining

operation; and/or 2) secondary porosity created by mining within the Paleozoic strata.

A study addressing hostile effluent from Horn Creek was undertaken to distinguish the possible

origin of contamination, and to interpret the geochemical evolution of uranium using uranium series

disequilibrium. This study was designed to: 1) characterize the site at the Phase I level; 2) determine

the origin of spring water at high and low flow regimes; and 3) distinguish the possible non-point

source of uranium.

Several research groups have investigated and established baseline water chemistry for many

of the Grand Canyon Springs. Foust and Hoppe (1985), for example, conducted a 10-year

hydrogeochemical survey of both North and South Rim springs. Goings (1985), Zukosky (1995), and

Fitzgerald (1996), from the University of Nevada, Las Vegas, have studied the geochemistry of Horn

Creek water since 1984. In 1985, Energy Fuels Incorporated drafted an Environmental Impact

Statement for the Canyon Uranium Mine located southwest of the Orphan Uranium Mine (EIS, 1985).

The mine is required to monitor the gross-chemistry and radionuclide concentrations in South Rim

groundwater. Monitoring stations include the Canyon Mine Well, Indian Garden (i.e., Two Trees

Spring), Havasu, and Blue Springs (Fig. 2).



HYROLOGIC SETTING

Horn Creek basin has an average winter air temperature of 15 °C while during the summer, air

temperatures exceed 25 °C. Snow and rain in the winter, are coupled by convection storms, common in

the summer (Brown and Moran, 1979). Within the Colorado River gorge and on the South Rim, the

average annual precipitation over the last eleven years was 40 cm/yr (NFS, 1996) (Fig. 3).

A tributary to the Colorado River, the Horn Creek stream valley is underlain by sedimentary

rock deposited in the Cambrian and filled with Quaternary sediment eroded from steep canyon walls

composed of Cambrian rock. Quaternary sediment is deposited in the stream valley by mass wasting

and has been reworked by modem fluvial processes. The sediment is poorly sorted and consists of

siliciclastic and carbonate rock fragments from Cambrian rock material. Quaternary strata ranges in

thickness from 0 to 200 meters, and the basal members are well cemented by caliche, whereas the

upper members tend to be unconsolidated.

The Orphan Uranium Mine breccia pipe has multiple collapse structures which juxtapose the

surrounding horizontal and originally continuous Paleozoic strata (Gomitz and Kerr, 1970). Viable

amounts of Cu, U, Pb, Zn, Ni, Co, Mo, and As were mined from the mineralized breccia pipe.

Additionally, anomolously high levels of Hg, V, As, and Se are found in the pipes. The paragenetic

sequence of breccia pipe mineralization is summarized into five steps by Wenrich (1985): 1) deposition

of calcite, dolomite, barite, siderite, anhydrite, and kaolinite by a saline brine similar to Mississippi

Valley Type (MVT) deposits; 2) deposition of siegenite, bravoite, pyrite, arsenqpyrite, and marcasrte

rich in Ni, Co, and As; 3) deposition of Cu-Fe-Pb sulfides; 4) deposition of uraninite by low

temperature groundwater onto coarsely crystalline calcite matrix, in vugs, and detritus quartz grains;

and 5) deposition of CuS minerals including malachite, azurite, and covellite.

At the Orphan Uranium Mine, uraninite is located at the margins of the breccia pipe (Gomitz

and Kerr, 1970). During operation, the mine produced 4.6 million pounds of U3O« which ranges in

grade from 0.3 to 55% in hand sample (Gomitz and Kerr, 1970), 6.68 million pounds of Cu, 107,000

ounces of Ag, and 3,400 pounds of V2Oj (Wenrich and Huntoon, 1989). As noted, large volumes of

ore and waste rock were removed from the mine. Mining activity has anthropogenically weathered the

breccia pipe, providing an effective source of highly reactive minerals which readily react with

oxygenated water (i.e., sulfides and oxides). Waste rock, produced during the mining operation, is

known to be detrimental to water quality (Earman, 1996).



For the purpose of this investigation, the surface and groundwater drainage area within Horn

Creek basin and below the South Rim, is classified as the inner-basin. It necessarily follows that the

volume of debris present in the inner-basin is a function of the surface-water drainage area below the

rim. Horn Creek inner-basin has an area of 0.6 km2 and is bound by 800 meter high vertical canyon

walls composed of Paleozoic sedimentary rock (Fig. 4).

Horn Creek is classified as a third-order stream channel and subdivided into three reaches: 1)

the upper-most reach has a near vertical channel gradient and consists of multiple low-order drainages

which drain the Orphan Uranium Mine orifice; 2) the middle reach has a gradient of 54% which

converges with the lower-most reach; and 3) the lower channel has a hydraulic gradient of 10% and

perennial discharge (Fig. 2 and 4).

As this investigation will show, the Horn Creek inner-basin appears to have developed a inner-

basin unconfined aquifer which strongly influences the annual discharge and water chemistry of spring

water. As noted, Quaternary strata is cemented by layers of caliche which, in turn, form impermeable

layers. From the rock type, average discharge rate, and the hydraulic gradient in the aquifer, the

hydraulic conductivity was calculated to be K = 4.3 x 10"4 m/s by this investigation.

Spring flow into Horn Creek basin occurs on a perennial basis from the South Rim Aquifer.

Owing to Irthification, the Paleozoic sedimentary rocks, which contain the South Rim Aquifer, have

low primary porosity (Huntoon, 1982). Currently, no quantitative estimates of hydraulic conductivity

are published in the literature. Faults, joints, folds, karst features, and breccia pipes form a network of

secondary porosity that concentrates zones of high hydraulic conductivity (Metzger, 1961; Huntoon,

1982). Horizontal groundwater flow through the South Rim Aquifer tends to be concentrated along the

aquitard (i.e., Bright Angel Shale) (Fig. 4) which delivers water to Horn Creek basin (Huntoon, 1982).

In order to calculate an annual water budget, the annual average precipitation is taken to be 25

cm/yr; though there are no precipitation gages at the site (Fig. 3). Since Horn Creek basin is 2 to 3

thousand feet below the precipitation gage a conservative estimate of annual precipiation was made. In

addition to rain and snow, other inputs to the basin include, spring discharge from the South Rim

Aquifer and storm runoff from the canyon walls. Based on the Horn Creek watershed area (0.6 km2)

(Fig. 2), and the average stream discharge (i.e., about 30 mVday), the total outflow is ~ 9000 mVyr,

which is 3% of the total input (i.e., annual average precipitation). Due to the arid climate in Horn

Creek, evapotranspiration probably accounts for the majority of the output.



Springs that discharge from the South Rim Aquifer are known to discharge at a semi-constant

rate (Metzger, 1961; Huntoon, 1982; USGS, 1996; Fitzgerald, 1996). Based on seasonal discharge

measurements, the majority of recharge to the Horn Creek aquifer occurs during the winter (Fig. 5).

Moreover, due to winter precipitation and runoff captured in Horn Creek basin, there is significant

seasonal fluctuation in stream discharge (Fig. 5).

MATERIALS AND METHODS

Springs were sampled for major ions in July 1995 during low flow. In addition, Horn Creek

three times between 1994 and 1996. Field physiochemical measurements were made (i.e., temperature,

pH, alkalinity, TDS, and EC) in conjunction with environmental isotope sample collection (i.e., tritium

and uranium).

The four major cations (i.e., sodium, magnesium, calcium, and potassium) were measured by

atomic adsorption spectroscopy (AA). The detection limit of the AA method is approximately 0.01 ±

0.05 mg/1. Anion samples were analyzed using a Dionex ion chromatography (1C) system. Similar to

the cation accuracy, the detection limit of 1C is 0.01 ± 0.05 mg/1.

Uranium samples were collected in one liter polyethylene bottles. One liter grab samples were

collected for analysis and were filtered through a 0.45 um filter and acidified in the field to pH < 2 with

ultra-pure 16 N concentrated nitric-acid. Uranium samples were analyzed at the Trace Metals Lab,

University of Nevada Las Vegas (UNLV) using methods described by the EPA (US EPA, 1979). A

high-resolution solid-state alpha panicle spectrometer was used to count the alpha emissions produced
\

by the uranium isotopes ^'U, ^U, and 234U. The minimum detection limit for uranium isotopes is less

than 0.01 ug/1, with a 1-sigma error ± 5% for uranium concentration and ± 3% for the ^U/^'U

activity ratio (Ivanovich and Harmon, 1980).

RESULTS

Horn Creek spring was visited and sampled three times during the investigation. Spring flow

occurred at two locations which appeared to depend on the flow regime. At low flow, for example, the

spring orifice was located 100 meters above the Tonto Trail (Fig. 2). On the other hand, during the

high flow regime (i.e., March 1993), the spring orifice was located 2000 meters above the trial (Fig. 2

and 4). Discharge, at low flow, issued from unconsolidated sediment along the west side of the stream

bank, and was estimated to be 0.5 liters per minute (1/m). At high flow, the spring orifice was located

in a debris slide cemented with caliche, and had a discharge rate of 1.5 1/m.



Table 1 summarizes the field physiochemistry measurement results from previous

investigations and this study. Data collected during this study is consistent with previous investigations

of Horn Creek water chemistry (Table 1). Differences in temperature and pH were noted during the

high and low flow regime, where at high flow the water was cooler and had a lower pH. Additionally,

the alkalinity was lower at high flow. Worth noting, the total dissolved solids (TDS) was similar

during high and low flow and has decreased since 1979 (Table 1). Based on seasonal discharge rates

and the average TDS, the mass loading from Horn Creek on an annual basis is approximately 200

kg/yr.

Major ion samples, collected during this study at low flow, had concentrations similar to those

measured by previous investigations (Table 2). The charge balance for major ions in solution had less

than 10% difference. Discharge from Horn Creek is classified as a calcium-magnesium sulfate water.

Since 1979, there is a notable decrease in sulfate concentration. Additionally, chloride follows a

similar pattern, but it is less abundant than sulfate (Table 2).

Water discharging at base flow had and an average I3tU concentration of 25 parts per billion

(ppb), whereas water discharging during high flow had a ^'U concentration of 92.7 ± 0.1 ppb (Table

3). The 23*U/I"U activity ratio (AR) was at unity during low flow and below one at high flow. The

uranium loading from Horn Creek on an annual average basis is 0.023 kg/yr. Tritium samples were

collected coeval with uranium samples and contained background levels of tritium (i.e., < 10 TR)

(Table 3) (Fitzgerald, 1996).
v

DISCUSSION

Seasonal water chemistry in Horn Spring (Table 1, 2, and 3) suggest that at high flow Horn

Spring waters are derived from a short lived groundwater system (i.e., short residence time), whereas

water at low flow is likely a product of spring flow from the South Rim Aquifer. This conclusion is

based on four lines of evidence: 1) inner-basin geology and hydrology; 2) water quality; 3) major ion

chemistry; and 4) environmental isotope chemistry.

As noted, Horn Creek is thought to be fed by spring flow from the South Rim Aquifer and the

inner-basin unconfined aquifer. During high flow, the spring orifice is 2000 meters higher in the

stream valley; this indicates that the water-table has raised and, as a result, Horn Creek becomes a

gaining stream (Fig. 4). Dry periods (i.e., summer months), cause a decrease in the water-table

elevation, and Horn Creek becomes a losing stream, fed by seeps from the South Rim Aquifer (Fig. 4).



There are distinct differences in basic water chemistry during high and low flow regimes.

First, at high flow the temperature is cooler and the pH is lower (Table I). Cooler waters at high flow

indicate a shallow groundwater system that is uneftected by the local geothermal gradient; unlike

warmer water temperature at low flow. Since the pH is slightly acidic at high flow, groundwater is

probably not in equilibrium with the aquifer matrix, whereas the pH is slightly basic at low flow,

suggesting some sort of quasi-equilibrium has been reached (Table 1). Moreover, Horn Creek at high

flow has lower alkalinity which further indicates that waters have not equilibrated with the aquifer

matrix. Since the TDS values are similar at high and low flow, there is no dilution of dissolved solids

when the flow volume increases. The latter observation suggests that high and low regimes result from

different groundwater bodies (Foust and Hoppe, 1985).

The basic and major ion chemistry (Table 1 and 2) at low flow was modeled using the ion-

pairing reaction model PHREEQE, in order to simulate the geochemical evolution of waters. Based on

output from the model, it appears that the water sampled at low flow is from the South Rim Aquifer.

A two step simulation was conducted to depict and predict the geochemical evolution of Horn Creek's

water. A target solution, which consists of the measured basic chemistry and major ion concentrations,

was equilibrated with calcite, dolomite, and gypsum, in order to calculate the respective mineral

saturation indices. The second step attempted to predict the average major ion concentration in

groundwater using the average annual pH and dissolved constituents in South Rim precipitation (NFS,

1996).

For Horn Creek waters, PHREEQE predicted measured pH values and major ion

concentrations with errors of 0 to 20 % of modeled values (Table 4). Since the low flow sample may

have mixed with inner-basin water, the percent difference between model output and measured data is

probably not statistically significant. PHREEQE calculated negative A phase values for the mineral

calcite; therefore the model predicts the precipitation of calcite.

Counterintuitive, the total dissolved 23SU was present in greater abundance in Horn Creek

waters during high flow regimes than during low flow periods (Table 3). As noted, the Horn Creek

inner basin aquifer is unconfined and open to the atmosphere, so that at high flow regimes,

theoretically, there is an infinite reservoir of C02 gas available. As a result, the effluent pH is slightly

acidic (pH < 6) which spontaneously leaches uranium from the mineral phase, resulting in high total

^'U concentration and ̂ U/^U activity ratio < 1 AR.
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The effective non-point source of uranium is probably waste rock which has inter-mixed with .

stream alluvium, rather than fluid migrating through the mine. This conclusion is supported by the

following: 1) the physiographic location of the Orphan Uranium Mine; 2) sources of water at high and

low flow; and 3) comparison of effluent chemistry at low flow to Salt Spring water which has not been

affected by the Orphan Uranium Mine.

Figure 2 illustrates the location of the Orphan Uranium Mine adit relative to Horn Creek. The

first-reach, classified in this study, drains the area directly below the mine orifice (Fig. 2). Waste rock,

washed downgradient during storm events, has a direct path into Horn Creek's active stream channel

(i.e., third-reach). During and post mine operation large volumes of waste rock could have been

eroded, transported and subsequently deposited in Horn Creek basin. As noted, data suggest flow in

Horn Creek has two sources: 1) the South Rim Aquifer; and 2) inner-basin aquifer. Similar to basic

effluent chemistry, the uranium concentrations at high and low flow are significantly different (Table

3). Comparison to an undisturbed system further supports the inference that the non-point source of

uranium is waste rock which has inter-mixed with Quaternary alluvium. Figure 6 is a scatter-plot of

the total uranium concentration as a function of the 2MU/2"U activity ratio. The graph illustrates

chemical similarities between Horn and Salt Springs at low flow. Conversely, the uranium

concentration at high flow is greater by a factor of six (Fig. 6).

Summary

This investigation has shown that discharge from Horn Creek may be a product of two

different groundwater bodies, and the likely non-point source of uranium is waste rock which has inter-

mixed with alluvium within the inner-basin. Hydrogeologjc evidence coincides with spring water

geochemistry, in that, the spring orifice is at different locations at high and low flow, and spring waters

have statistically significant differences. The latter conclusion is further supported when Horn Creek is

compared to an undisturbed system with similar spring geology (i.e., Salt Spring).

Further research, addressing Horn Creek and contaminated water, should include soil and

water sampling for gross chemistry, trace-metals, and radionuclides. A seasonal monitoring program

should be established to further characterize water chemistry and interpret the long-term effects of the

Orphan Uranium Mine waste. Before any steps are taken to correct the problem, the non-point source

should be studied further. Especially since the type of clean-up method employed at the site is strongly

dependent on the source of uranium.
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Figure 3. Annual average precipitation over the South Rim (centimeters per year) (NFS, 1996).
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Figure5. Discharge measurements at Horn Creek during 1983 and 1984 (cubic meters per day) (after Goings, 1985).
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Table 1. Physiochemical measurements
Date

6/79
5/83
6/83
463
093

1093
3/96
665
7/95

T*

22.4
18
18

16.5
24.1
24
13.5
17.2
21.5

pH

7.9
8.2
8
6
7
7
6

7.1
7.5

TDS-

637
819
778
528
502
563
527
522
503

EC*

1.O3
1.18
1.15
1.04

1.01
1.13
1.05
1.03
1.01

Alk"

252
339
329

193
235
280

* Water temperature m degrees Celsius
-concentrations in mg/l
" units mS/cm

Table 2. Major ion concentration (mg/l)
Date

6/79
5/83
6/83
4/93
6193

10/93
3195

6195

7/95

Ca

88.3
81.1
77.7

87.8

Mg

101

93

96

82

Na

39.3
38.5
40.8

32.5

K

17

15

16

14

F

0.5

0.3

0

Cl

58.2
43.1
48.2
36.5

39.3

Br

0.24

0.21

NO3

5.4

0.55

NO4

0.124

SO4

361

366

318

286

239

Table 3. Environmental Isotope Concentrations
Date
493

6/93
10)93
5/94
3/95
6195

TR*

2.3

44

2-«

Z2

1.9

UT"

24.7
92.7
27.6

1-0

0

0.2
0.1

AR*

0.9

0.8
1

1-o

0.03
0.01
0.02

* Tntium ratio = 3.19 pCi/l
"Total uranium (ppb)
"uranium-234/uranium-238 activity ratio

Table 4 Results from chemical modeling (PHREEQE)
Measured Modeled

Parameter

PH
Calcium

Magnesium

Molality

7.0

0.0022

0.0034

Molality

7.0

0.0019

0.0027

% Error

0

14

21

A Phase"

-0.0035

0.0027

12
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Bicarbonate

Sulfate

0.0046

0.002S

0.0044

0.0027

4

7

0.0027

0.0025

** negative A phase values indicate precipitation of mineral.

1200

3

I

20.0

0.0

StftSprtng

AM

234 133
Figure 6. Scatter-plot of total uranium concentration (parts per billion) as a function of U/ U activity ratio.
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Last Update: 3/27/97
Initial Proposal: 1996

Project Statement GRCA-N -33 .4 2
Priority: 5

Title : DELINEATE & EVALUATE NON-POINT SOURCES OF URANIUM
Sub-title: HORN CREEK ASSESSMENT

Funding Status: Funded: 1 .98 Unfunded: 7.21

Servicewide Issues

Cultural Resource Type:
N
-RMAP Program codes :

1 -238 Package Number :

: N2 (BASELINE DATA
N12 (WATER FLOW

1 (Water Resources Management

Problem Statement

Horn Creek is located along the South Rim of Grand Canyon and is
accessible to visitors via the Tonto Trail. This spring is an
important drinking water source for backcountry visitors,
especially in the summer months when daytime temperatures
typically e ceed 1 degrees F. In 1992, the number of user nights

reported for Horn Creek was 774. Since 1992 the amount of use has
greatly increased.

The purpose of the study put forth in this proposal is fourfold:
1 Provide additional data on streamflow for an ongoing study
(i.e., park funded on impacts to spring flow from groundwater
withdrawals. 2 Delineation of non-point sources of uranium in
Horn Creek. 3 Evaluate the e tent and character of contamination
to better inform and protect the public. 4 Collect baseline water
quality data for a variety of water resource issues, including; a
contributing to our understanding of groundwater flow pathways, b
identify other contaminants presence or absence, c evaluate the
potential for effects of sewage effluent and landfill leakage on
Horn Creek.

The Orphan Uranium Mine, located in the South Rim of eastern Grand
Canyon, is at the headwaters of Horn Creek drainage which
currently discharges hostile effluent containing uranium above the
United States Environmental Protection Agency's (EPA ma imum
contaminant level for gross alpha (15 pCi/L . Byproducts within
the watershed and/or secondary porosity created by past mining
activity are likely non-point source's of uranium contamination.
Geologic and water quality data suggest that water in Horn Creek
is derived from two sources: 1 the South Rim Aquifer; and 2
water stored in Horn Creek basin.



Base flow to Horn Creek during the summer months is a product of
spring discharge from Paleozoic carbonate rock (i.e., South Rim
Aquifer . The latter water has a pH>7, high buffering capacity, an
average uranium 238 concentration of 24 + /- .3 ppb, and is
classified as calcium-magnesium sulfate water. The discharge rate
at high flow (winter to spring is a factor of three greater than
at low flow. Precipitation and storm-runoff captured in the basin
are likely sources of recharge. Consisting of debris deposited
locally, a shallow unconfined aquifer holds water with
significantly different chemistry: pH<6, low buffering capacity,
and a uranium 238 concentration of 92.7 +/- .1 ppb. Recharge to
the unconfined aquifer is not in equilibrium with the aquifer
matri and actively dissolves uranium from waste rock. As a
result, effluent contains higher uranium concentration during the
phigh flow regime (Fitzgerald, Kreamer, ohannesson and Rihs,
1997 .

At present, warnings have been posted that water from Horn Creek
is unfit for consumption. However, it is not desirable to allow
the public to not consume this water if it can prevent serious
illness or death. Long term monitoring of discharge and
radionuclide concentrations may yield data that would permit
lifting this drinking water advisory during base flow (summer
conditions. This data may also contribute greatly to a risk
assessment produced at some future date so as to better inform the
public as to the hazards of consumption.

Data obtained from frequent and seasonal sampling will be used to
determine if the source of contamination is from mine tailings in
the watershed, and/or from runoff into the glory hole itself
(secondary porosity . A study by Fitzgerald, Kreamer, ohannesson
and Rihs (1997 shows that contamination is not dominated by
natural groundwater conditions found in the South Rim Aquifer in
that uranium levels greatly increase during high flow periods.
Discharge data from Horn Creek will contribute greatly to a
currently funded project monitoring South Rim springs for impacts
from groundwater pumping just outside the park. Baseline water
quality data will contribute to understanding groundwater flow
pathways as well as identifying the effects, if any, of management
actions that impact water quality and quantity.

Description of Recommended Project or Activity

The first step in implementing this study will include installing
a stilling well (float/potentiometer , a V-notch weir as a
control, and a datalogger at an appropriate, unobtrusive location
on Horn Creek. Helicopter support will be needed to transport
this heavy equipment. Once installed the site will be surveyed to
establish site control (survey will be repeated once a year to
assure quality data .



Baseline data collection will be conducted by sampling annually
for the eight priority pollutant metals. Discharge will be
measured periodically with a flume to develop a discharge rating
curve. In addition, other physical parameters will be monitored,
such as temperature, specific conductance, alkalinity, pH,
dissolved o ygen, total dissolved solids, turbidity, phosphate,
sulfate and nitrates. Samples will be taken (ten times a year
for total uranium, uranium isotopes, gross alpha, and gross beta
levels. The sampling frequency of 1 a year will be minimum to
assure statistical validity regarding the critical focus of the
project. For economy purposes sampling of metals, radon and radium
will only be sampled annually. It is assumed that annual sampling
of these will be of sufficient frequency to provide insight on how
they relate to discharge and other parameters.

Soil samples will be collected once at three locations: one
upstream and one downstream in Horn Creek and one from a similar
site in an adjoining watershed as a control. Soils will be
sampled for total uranium. A sample will be taken from one of the
seeps emerging from the Coconino Sandstone above the Orphan mine
glory hole, and if possible, one sample will be taken from
standing water at bottom of glory hole.

Evaluate water quality and discharge data on a yearly basis. The
final phase will incorporate findings into; 1 a final report
presenting the data with an evaluation on the nature of the
contamination, 2 an evaluation on the usefulness of the site for
monitoring sewage effluent and landfill leachate and, 3 a risk
assessment study to better inform and protect the public and, 4
groundwater flow pathway studies. In addition, recommendations on
remedeation may be made.

Phase I — Years 1 & 2

1 Collect soil and water quality data on Horn Creek.
2 Maintain stream gage and perform discharge measurements.
3 Produce, with annual update's, a discharge rating curve.
4 Update and maintain the parks' water resource database,
including EPA's STORET database to optimize the usefulness of the
data.

Phase II -- Year 2

1 Perform data analysis and produce final report.
2 If applicable, produce'a risk assessment report.
3 Work cooperatively with the Geologic Resources Division and/or
the Water Resources Division e ploring possible remediation
strategies for the Horn Creek watershed.
4 Implement new drinking water restrictions through a variety of
means, including interpretive signs.
5 Continue to operate stream gage for a statistically significant
period of time.
6, Evaluate the need for the park to fund continued water quality
monitoring and if so, at what sampling frequency.



Primary Costs:

Helicopter support ----------------------------- $8
lab analysis costs:

The Eight Priority Metals* - $2 8 =$1,6
Total Uranium -------------- $ 5 . 2 =$1,
Total U. From Waters In and Above Mine ** = $1
Uranium Isotopes ----------- $2 . 2 =$4,
Radium* -------------------- $ 8 . 8 = $64
Radon* --------------------- $ .8 . 8 = $64
Gross Alpha & Beta --------- $ 6 . 2 =$1,2
Gross A & B From Waters In and Above Mine**= $12
Soil Samples** ------------- $21 . 3 = $63
Total Lab Cost --------------------------- $9,81

Travel To and From Lab ----------------------- $1,

* - annual samples (4 times a year
** - one time only samples

YTotal co t for 2 year Ian = $11,730

BUDGET AND FTEs:

Source

1996: PKBASE-CR

1997: PKBASE-CR

1998: PKBASE-CR

Year 1:

Year 2:

Activity

RES

RES

RES

Activity

MON

MON

t U IN L/EJ U

Fund Type

Recurring

Recurring

Recurring

Total:

.FTMTrnKmTrn

Fund Type

Recurring

Recurring

Budget ($1 s

3.66

3.66

3.66

1 .98

Budget ($1 s

6.69

5. 4

FTEs

.1

.1

.1

.3

FTEs

•

•

Total: 11.73



(Optional Alternative Actions/Solutions and Impacts

No action- This would increase visitor risk by preventing any
consumptive use of Horn Creek. Valuable information on
groundwater flow pathways will not be obtained. In addition, any
chance of watershed restoration that would be linked to the Orphan
Mine reclamation activities may be lost.

Reduce sampling frequency- Limiting sampling of all water quality
parameters to annual sampling will eliminate any meaningful
statistical analysis of the data, but will cut costs roughly in
half. In addition, such a reduction may reduce the number of site
visits to four a year.
Primary Costs for alternative sampling:

Helicopter support $8
lab analysis costs @ 4 times a year for 2 years:

The Eight Priority Metals -- $2 . 1 = $2 .
Total Uranium $ 5 . 8 = $4
Total U. From Waters In and Above Mine - = $1
Uranium Isotopes $2 8 = $16
Radium $ 8 . 8 = $64 .
Radon $ 8 . 8 = $64 .
Gross Alpha & Beta $ 6 . 8 = $48 .
Gross A & B From Waters In and Above Mine = $12 .
Soil Samples $21 . 3 = $63 .
Total Lab Cost $4,81 .

Travel To and From Lab $4

Total co t for 2 year Ian = $6,010

Compliance codes : EXCL (CATEGORICAL EXCLUSION)

Explanation: 516 DM2 APP. 2,1.6
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Meeting Notes
Orphan Mine, Grand Canyon, Arizona

DATE November 4, 1998
TIME 8 30AM - 3 30 PM
LOCATION Shrine of the Ages

BACKGROUND The Orphan Mine Site, located 1 5 miles northwest of the South Rim Village, consists of
a 3-acre upper mine area at the canyon rim and a lower mine area approximately 1000 feet in elevation
below the rim The site has been determined eligible for the National Register of Historic Places
Contaminates of concern include radionuchdes (including Uranium, Thorium and Radium isotopes) and
heavy metals (including copper, arsenic and lead) Potential receptors are visitors, residents, students,
worker population and the flora and fauna in the area The site is listed on the 1995 Federal Facilities
Compliance Docket

t>

1906 to 1959- Copper ore was mined
1951 to 1969- Uranium ore was mined
1987 - NPS acquired full title to the property
1993 - NPS Western Region conducted a Preliminary Assessment The "score" was not high enough to
include the site on the National Priorities List Because of human health concerns due to the radiation
present, it was recommended that the site be remediated
1996 - A human health Risk Assessment (RA) was performed to set cleanup goals for the site

GENERAL PROJECT DISCUSSION The National Park Service is the lead agency under CERCLA The
Orphan Mine site needs additional site characterization before a preferred cleanup method is chosen
The EPA has offered technical assistance and technical review services

NPS is investigating PRPs and is working toward cost recovery All work associated with the project shall
conform to CERCLA All costs associated with site work and project support must be recorded
Preliminary and the NCP decision document must be FOIA protected

Park management has decided that the site needs to be cleaned so that no site or visitor use restrictions
remain in place

All decisions must
1 - Take into consideration all previous work and decisions

2 - Consider human health and environmental protection
3 - Conform with the NCP and CERCLA
4 - Conform with the requirements for enforcement (cost recovery)



;mtgnote1 doc Page 1

Blna|±Da>Dby
D F D H byyy Eyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyy)
i¥AY DD6DD[&Dbjbj6W6W DD"X'='=Ui|nyyDyyOyyD]PPPP D""8i



Smtgnote1 doc JPage 3;



mtgnotel doc -~ ^ ^^ ^ Page 4

ISSUES AND CONCERNS

Air Quality (Lead by Carl Bowman)
Participate air monitoring for radionuclides at several locations in the park (one location is across the
street from the site) has been performed by. the State of Arizona The park has not been informed of any
levels that exceed maximum contaminate levels Air monitoring protocols need to establish during the
cleanup and any soil disturbing activities

Water Quality (Lead by John Rihs)
Analysis of samples from a spring, located down gradient from the site and adjacent to Horn Creek,
revealed Alpha particles up to 95 picocune per cubic liter during peak flow This information is in direct
conflict with the information presented in the 1996 Risk Assessment The RA performed minimal water
sampling and assumed there was no surface or groundwater contamination issue NPS and EPA agreed
that this new information would raise the P/A scoring of the site NPS and EPA also agreed that it would
not be necessary for EPA to perform MRS scoring Water monitoring of the creek, spring and mine
drainage needs to be established to assess the source of the spring contamination Since an alternative
that would require soil disposal down the mine shaft is to be evaluated, the potential effects to
groundwater must be investigated

Human Health (Lead by Jere Johnson and Steve Dean)
Field monitoring of the site by EPA showed the potential for significantly increase exposure to visitors and
works passing through the site area EPA requested that the fence surrounding the mine site be extended
to include the entire contaminated area (including the concrete wall at the south corner) Appropriate „
signage is also needed

Threatened and Endangered Species (Lead by R V Ward)
A Peregrine Falcon nest neighbors the upper mine site Nesting time for the Peregrine is May - early -
August Disturbance of the nesting pair during investigation and cleanup must be avoided The Century
Milk Vetch is located on the ridge to the east of the upper mine site Since there is a chance the plant
species may be located within the upper mine area, an assessment needs to be performed

Historic (106) Compliance (Head frame and building foundations)
The site has been determined eligible for the National Register of Historic Places It appears as though
the head frame will need to be removed to completely clean the site Core samples of the foundations
need to be taken to test for commination Consultation with the State Historic Preservation Office is
ongoing

Native American Graves Protection and Repatriation Act (NAGPRA) (Tribal Consultation)
Local Tribes will be informed of the issues associated with the site Grand Canyon will take the lead in
consolation and NPS will make all efforts necessary to assure Tribal concerns are addressed

Soil Removal
Soil removed from the rim area needs to be replaced with similar soil types This means another area of
the rim would need to be disturbed to restore the upper mine area Due to the ecological concerns
associated with the rim area disturbance at the Grand Canyon, fill material for the upper mine site is
essentially non existent. The total amount of soil removed during remediation of the upper mine area
needs to be minimized A 100% radiation survey of the upper mine area will allow the NPS minimize
disturbance to the area

FOLLOW UP ACTIONS

National Park Service

- A 100% radiation survey of the upper mine site is needed to limit disturbance to the area during
remediation Analysis of core samples from the concrete foundations for contamination will be performed
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- Install fencing and signs around site in accordance with discussions with EPA (Need action
memorandum )
- The Park will distribute copies of the sampling date (done)
- Monitoring and control of dust and contaminates in the air during the actual cleanup must be addressed
in the EE/CA
- Perform ESI/RI (Expanded Site Investigation/Remedial Investigation) that will include Additional
sampling at the spring and creek to determine if the contamination is naturally occurring or coming from
mine drainage, Additional investigation of the road used to haul the ore from the site, Scan analysis and
core sampling of soil, foundations and wall
- Explore the Bevel Exclusion and NPS landfill regulations (36 CFR 6) for project impacts
- Assessment of the site for the presence of the Milk Vetch
- Letter to EPA for formal request for ARARs
- 106 and NAGPRA consultations for the site
- Additional discussion with EPA on confidentiality

Environmental Protection Agency

- Formal request for fencing and signage at the site
- Provide NPS with additional technical language for 104(e) information request
- Provide sampling materials to sample vegetation at the site for radioactivity (DONE)

PROJECT POINTS OF CONTACT

NPS - Kris Provenzano will be the mam NPS point of Contact for the Project

EPA - Jere Johnson will be the mam POC for the EPA EPA will provide technical assistance and
review
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MEETING PARTICIPANTS
DDNAMEDAGENCY and ADDRESSDTELEPHONE NUMBERDE MAIL ADDRESSDDJohn
BeshearsDNPS, Grand Canyon, Engineering,
POB 129,
Grand Canyon, AZ 86023D520-638-7908DJRB@GRAND-CANYON AZ USDDCarl BowmanDNPS,
Grand Canyon,
Science Center
POB 129,
Grand Canyon, AZ 86023D520-638-7817DCarl_Bowman@nps govDDDoug BrownDNPS, Grand Canyon,
Engineering,
POB 129,
Grand Canyon, AZ 86023D520-683-7859DDoug_R_Brown@nps govDDSteve DeanDUS EPA, Region 9
75 Hawthorn St
San Francisco, CA 94105D415-744-239lDDean Steve@epa govDDDiann GeseDNPS, Geological
Resources Div
POB 25287,
Denver, CO 80227D303-969-201lDDiann_Gese@nps govDDJere JohnsonDUS EPA, Region 9
75 Hawthorn St
San Francisco, CA 94105D415-744-2345QJohnson Jere@epa govDDShawn P MulliganDNPS, WASO
1050 Walnut Street, Suite 220
Boulder, CO 80302D303-415-9014DShawn_Mulhgan@
nps govaQRobert H (Barney OldfieldDADEQ
3303 N Central #752
Phoenix, AZ 85012-2809D602-207-4238DOIdfield barney®
ev state az.usDDKns ProvenzanoDNPS, IMDE
12795W AlamedaPkwy
Denver, CO 80225D303-969-267lDKns_Provenzano@
nps govDDJohn RihsDNPS, Grand Canyon,
Science Center
POB 129,
Grand Canyon, AZ 86023D520-638-200lDGRCA_hydrologist@
nps govDDLoren SetlowQUS EPA
Office of Radiation & Indoor Air
Washington DC, 20460D202-564-9445DSetlow loren@epa govDDR V WardnNPS, Grand Canyon,
Science Center
POB 129, GC, AZ 86023D520-638-7756DGRCA_wildlife_biologist
@npsgovDD
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Profiles of Orphan Lode

toakina. NW

Figure 4 Orphan Lode Coconino County, Arizona
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Reference: U.S.G.S., Grand Canyon National Park and Vicinity. Arizona, 1967.
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